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(54) MANUFACTURE OF DIELECTRIC CAPACITOR AND MANUFACTURE OF 
SEMICONDUCTOR MEMORY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a dielectric 
capacitor of good characteristics even when an area of a 
dielectric capacitor is reduced when manufacturing a 
dielectric capacitor, wherein the dielectric film of a 
perovskite type crystal structure is used or a 
semiconductor memory with such a dielectric capacitor. o 
SOLUTION: When a dielectric capacitor wherein an SBT 5 
film is used as a dielectric film is manufactured, an Ir02 f If I * 
film 2 and an Ir film 3 as a lower electrode, an 
amorphous film 4 as the precursor film of an SBT film, 
and a Pt film 5 as an upper electrode are formed on an 
Si substrate 1 one by one. After the Pt film 5, the 
amorphous film 4, the Ir film 3 and the Ir02 film 2 are 
subjected to patterning into a shape of a dielectric 
capacitor and the amorphous film 4 is subjected to heat treatment. Thereby, an SBT film 6 is 





http://wwl9.ipdl.ncipi.goj 12/30/2006 



Searching PAJ 



Page 2 of 2 



obtained by making phase change for an amorphous phase in the amorphous film 4 into a 
crystal phase of a perovskite type crystal structure. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach of the dielectric capacitor using the dielectric film which consists 
of a dielectric of the perovskite mold crystal structure The process which forms the precursor film which 
uses as a principal component the amorphous phase or fluorite phase which consists of a configuration 
element of the above-mentioned dielectric the process which forms a lower electrode, and on the 
above-mentioned lower electrode, The process which forms an up electrode on the above-mentioned 
precursor film, and the process which carries out patterning of the above-mentioned up electrode and the 
above-mentioned precursor film to the configuration of the above-mentioned dielectric capacitor by 
etching at least, By heat-treating the above-mentioned precursor film by which patterning was carried 
out to the configuration of the above-mentioned dielectric capacitor The manufacture approach of the 
dielectric capacitor characterized by having the process which is made to carry out the phase change of 
the above-mentioned amorphous phase or the fluorite phase to the crystal phase of the perovskite mold 
crystal structure, and obtains the above-mentioned dielectric film. 

[Claim 2] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 1 characterized by being the film (2.6 however, the range of the atomic composition 
ratio 2.0 <=2Bi/(Ta+Nb) <= 0.6<=2Sr/(Ta+Nb)<= 1.2) which uses as a principal component the amorphous 
phase or fluorite phase which consists of Bi, Sr, Ta, Nb, and O. 

[Claim 3] The film which uses as a principal component the amorphous phase to which the 
above-mentioned precursor film consists of Bi, Sr, Ta, Nb, and O on the above-mentioned lower electrode 
(- however, after the range of the atomic composition ratio forms 2.0 <=2Bi/(Ta+Nb) <=2.6, and 0.6 
<=2Sr/(Ta+Nb)<=1.2) The manufacture approach of the dielectric capacitor according to claim 1 
characterized by being formed by carrying out the phase change of the above-mentioned amorphous 
phase to a fluorite phase by heat treatment. 

[Claim 4] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 1 characterized by being the film (2.5 however, the range of the atomic composition 
ratio 0.6<=2Sr/(Ta+Nb)<= 1.2 and 1.7 <=2Bi/(Ta+Nb) <= 0<2Ti/(Ta+Nb)<= 1.0) which uses as a principal 
component the amorphous phase or fluorite phase which consists of Bi, Sr, Ta, Nb, Ti, and O. 
[Claim 5] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 4 characterized by being formed by forming the film which uses the above-mentioned 
fluorite phase as a principal component by the chemical-vapor-deposition method. 

[Claim 6] The manufacture approach of the dielectric capacitor according to claim 5 characterized by 
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forming the film which uses the above-mentioned fluorite phase as a principal component at 400 degree C 
or more membrane formation temperature of 650 degrees C or less. 

[Claim 7] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o C seven 
H7)3, Bi (OC two H5)3, Bi (CMC three H7)3, and Bi (OtC four H9)3 And Bi (o tC five Hll)3 from - with 
at least one kind of organic metal raw material chosen from the 1st becoming group Sr (THD)2 and Sr2 
(THD) At least one kind of organic metal raw material chosen from the 2nd group which consists of 
tetraglyme, and Sr(Me5 C5) 2 and 2THF, Ti (i-OC three H7)4 and TiO (THD)2 And Ti(THD)2(i OC three 
H7) 2 from ■■ with at least one kind of organic metal raw material chosen from the 3rd becoming group Ta 
(i-OC three H7)5, TaGOC three H7)4 THD, Nb5 (i OC three H7) And the mixed gas which mixed further 
with the oxidizing gas the mixed gas which mixed at least one kind of organic metal raw material chosen 
from the 4th group which consists of Nb(iOC3H7)4 THD to the predetermined presentation is made into 
reactant gas. The manufacture approach of the dielectric capacitor according to claim 5 characterized by 
using. 

[Claim 8] The film which uses as a principal component the amorphous phase to which the 
above-mentioned precursor film consists of Bi, Sr, Ta, Nb, Ti, and O on the above-mentioned lower 
electrode (-- however, after the range of the atomic composition ratio forms 0.6 <=2Sr/(Ta+Nb) <=1.2, 1.7 
<=2Bi/(Ta+Nb) <=2.5, and 0<2Ti/(Ta+Nb)<=1.0) The manufacture approach of the dielectric capacitor 
according to claim 1 characterized by being formed by carrying out the phase change of the 
above-mentioned amorphous phase to a fluorite phase by heat treatment. 

[Claim 9] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 8 characterized by being formed by heat-treating in a oxidizing gas ambient 
atmosphere after forming the film which uses the above-mentioned amorphous phase as a principal 
component by the chemical-vapor-deposition method. 

[Claim 10] The manufacture approach of the dielectric capacitor according to claim 9 characterized by 
forming the film which uses the above-mentioned amorphous phase as a principal component at 
300-degree C or more membrane formation temperature of 500 degrees C or less. 

[Claim 11] The manufacture approach of the dielectric capacitor according to claim 9 characterized by 
performing the above-mentioned heat treatment at 600-degree C or more temperature of 850 degrees C or 
less. 

[Claim 12] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o C seven 
H7)3, Bi (O C two H5)3, Bi (O iC three H7)3, and Bi (OtC four H9)3 And Bi (O tC five Hll)3 from - with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
organic metal raw material chosen from the 2nd group which consists of Sr (THD)2 and Sr(THD) 2 
tetraglyme, and Sr(Me5 C5) 2 and 2THF, Ti (i-OC three H7)4 and TiO (THD)2 And Ti(THD)2 2 (i-OC 
three H7) from - with at least one kind of organic metal raw material chosen from the 3rd becoming 
group Ta (i-OC three H7)5, Ta(i-OC three H7)4 THD, Nb5 (i-OC three H7) And the mixed gas which 
mixed at least one kind of organic metal raw material chosen from the 4th group which consists of 
Nb(i"OC three H7)4 THD to the predetermined presentation is made into reactant gas. The manufacture 
approach of the dielectric capacitor according to claim 9 characterized by using. 

[Claim 13] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o C seven 
H7)3, Bi (O C two H5)3, Bi (O-iC three H7)3, and Bi (O tC four H9)3 And Bi (O tC five Hll)3 from ~ with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
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organic metal raw material chosen from the 2nd group which consists of SrTa2 12 (OC two H5) and 
SrNh2 12 (OC two H5), Ti (ioC three H7)4, TiO (THD)2 And Ti(THD)2 2 (iOC three H7) from - the 
manufacture approach of the dielectric capacitor according to claim 9 characterized by using the mixed 
gas which mixed at least one kind of organic metal raw material chosen from the 3rd becoming group to 
the predetermined presentation as reactant gas. 

[Claim 14] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 1 characterized by being the film (however, the range of the atomic composition ratio 
0.1<=Zr/Pb<= 0.6, 0.4<=Ti/Pb<= 0.9) which uses as a principal component the amorphous phase which 
consists of Pb, Zr, Ti, and O. 

[Claim 15] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 1 characterized by being the film (however, the range of the atomic composition ratio 
0.1<=Zr/Pb<= 0.6, 0.4<=Ti/Pb<= 0.9, 0.03<=Nb/Pb<= 0.30) which uses as a principal component the 
amorphous phase which consists of Pb, Zr, Ti, Nb, and O. 

[Claim 16] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 1 characterized by being the film (1.0 however, the range of the atomic composition 
ratio 0<^Sr/Ti<= 0<=Ba/Ti<= 1.0) which uses as a principal component the amorphous phase which 
consists of Ba, Sr, Ti, and O. 

[Claim 17] The manufacture approach of the dielectric capacitor according to claim 1 characterized by 
heat-treating the above-mentioned precursor film by which patterning was carried out to the 
configuration of the above-mentioned dielectric capacitor in a oxidizing gas ambient atmosphere. 
[Claim 18] The manufacture approach of the dielectric capacitor according to claim 17 characterized by 
performing heat treatment in the above-mentioned oxidizing gas ambient atmosphere at 500-degree-C or 
more temperature of 900 degrees C or less. 

[Claim 19] The manufacture approach of the dielectric capacitor according to claim 1 characterized by 
heat-treating it in a oxidizing gas ambient atmosphere at 500-degree-C or more temperature of 900 
degrees C or less after heat-treating the above-mentioned precursor film by which patterning was carried 
out to the configuration of the above-mentioned dielectric capacitor in nitrogen-gas-atmosphere mind at 
500-degree-C or more temperature of 900 degrees C or less. 

[Claim 20] The manufacture approach of the dielectric capacitor according to claim 1 characterized by 
heat-treating ozone in the oxidizing gas ambient atmosphere included 0.5% or more at 300-degree-C or 
more temperature of 600 degrees C or less after heat-treating the above-mentioned precursor film by 
which patterning was carried out to the configuration of the above-mentioned dielectric capacitor in 
nitrogen-gas-atmosphere mind at 500-degree-C or more temperature of 900 degrees C or less. 
[Claim 21] The manufacture approach of the dielectric capacitor according to claim 1 characterized by 
heat-treating ozone in the oxidizing gas ambient atmosphere included 0.5% or more at 300-degree-C or 
more temperature of 600 degrees C or less after heat-treating the above-mentioned precursor film by 
which patterning was carried out to the configuration of the above-mentioned dielectric capacitor in the 
reduced pressure ambient atmosphere of 100 or less Torrs at 500-degree-C or more temperature of 800 
degrees C or less. 

[Claim 22] The manufacture approach of a dielectric capacitor according to claim 1 that thickness of the 

above-mentioned dielectric film is characterized by 20nm or more being 200nm or less. 

[Claim 23] In the manufacture approach of the dielectric capacitor using the dielectric film which consists 
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of a dielectric of the perovskite mold crystal structure The process which forms the precursor film which 
uses as a principal component the amorphous phase or fluorite phase which consists of a configuration 
element of the above-mentioned dielectric the process which forms a lower electrode, and on the 
above-mentioned lower electrode, The process which forms an up electrode on the above-mentioned 
precursor film, and the process which carries out patterning of the above-mentioned up electrode and the 
above-mentioned precursor film to the configuration of the above-mentioned dielectric capacitor by 
etching, The process which forms a protective coat so that the side attachment wall of the 
above-mentioned up electrode by which patterning was carried out to the configuration of the 
above-mentioned dielectric capacitor, and the above-mentioned precursor film may be covered, By 
heat-treating the above-mentioned precursor film with which patterning was carried out to the 
configuration of the above-mentioned dielectric capacitor, and the side attachment wall was covered by 
the above-mentioned protective coat The manufacture approach of the dielectric capacitor characterized 
by having the process which is made to carry out the phase change of the above-mentioned amorphous 
phase or the fluorite phase to the crystal phase of the perovskite mold crystal structure, and obtains the 
above-mentioned dielectric film. 

[Claim 24] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 23 characterized by being the film (2.6 however, the range of the atomic composition 
ratio 2,0 <=2Bi/(Ta+Nb) <= 0.6<=2Sr/(Ta+Nb)<= 1.2) which uses as a principal component the amorphous 
phase or fluorite phase which consists of Bi, Sr, Ta, Nb, and O. 

[Claim 25] The film which uses as a principal component the amorphous phase to which the 
above-mentioned precursor film consists of Bi, Sr, Ta, Nb, and O on the above-mentioned lower electrode 
(-- however, after the range of the atomic composition ratio forms 2.0 <=2Bi/(Ta+Nb) <=2.6, and 0.6 
<=2Sr/(Ta+Nb)<=1.2) The manufacture approach of the dielectric capacitor according to claim 23 
characterized by being formed by carrying out the phase change of the above-mentioned amorphous 
phase to a fluorite phase by heat treatment. 

[Claim 26] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 23 characterized by being the film (2.5 however, the range of the atomic composition 
ratio 0.6<=2Sr/(Ta+Nb)<= 1.2 and 1.7 <=2Bi/(Ta+Nb) <= 0<2Ti/(Ta+Nb)<= 1.0) which uses as a principal 
component the amorphous phase or fluorite phase which consists of Bi, Sr, Ta, Nb, Ti, and O. 
[Claim 27] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 26 characterized by being formed by forming the film which uses the above-mentioned 
full ORAI phase as a principal component by the chemical-vapor-deposition method. 

[Claim 28] The manufacture approach of the dielectric capacitor according to claim 27 characterized by 
forming the film which uses the above-mentioned fluorite phase as a principal component at 400-degree C 
or more membrane formation temperature of 650 degrees C or less. 

[Claim 29] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o-C seven 
H7)3, Bi (O C two H5)3, Bi (OiC three H7)3, and Bi (OtC four H9)3 And Bi (o-tC five Hll)3 from - with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
organic metal raw material chosen from the 2nd group which consists of Sr (THD)2 and Sr(THD) 2 
tetraglyme, and Sr(Me5 C5) 2 and 2THF, Ti (i OC three H7)4 and TiO (THD)2 And Ti(THD)2 2 (i OC 
three H7) from - with at least one kind of organic metal raw material chosen from the 3rd becoming 
group Ta (i OC three H7)5, Ta(i"OC three H7)4 THD, Nb5 (iOC three H7) And the mixed gas which 
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mixed further with the oxidizing gas the mixed gas which mixed at least one kind of organic metal raw 
material chosen from the 4th group which consists of Nb(iOC three H7)4 THD to the predetermined 
presentation is made into reactant gas. The manufacture approach of the dielectric capacitor according to 
claim 27 characterized by using. 

[Claim 30] The film which uses as a principal component the amorphous phase to which the 
above-mentioned precursor film consists of Bi, Sr, Ta, Nb, Ti, and O on the above-mentioned lower 
electrode (-- however, after the range of the atomic composition ratio forms 0.6 <=2Sr/(Ta+Nb) <=1.2, 1.7 
<=2Bi/(Ta+Nb) <=2.5, and 0<2Ti/(Ta+Nb)<=1.0) The manufacture approach of the dielectric capacitor 
according to claim 23 characterized by being formed by carrying out the phase change of the 
above-mentioned amorphous phase to a fluorite phase by heat treatment. 

[Claim 31] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 30 characterized by being formed by heat-treating in a oxidizing gas ambient 
atmosphere after forming the film which uses the above-mentioned amorphous phase as a principal 
component by the chemical-vapor-deposition method. 

[Claim 32] The manufacture approach of the dielectric capacitor according to claim 31 characterized by 
forming the film which uses the above-mentioned amorphous phase as a principal component at 
300-degree-C or more membrane formation temperature of 500 degrees C or less. 

[Claim 33] The manufacture approach of the dielectric capacitor according to claim 31 characterized by 
performing the above-mentioned heat treatment at 600 degree C or more temperature of 850 degrees C or 
less. 

[Claim 34] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o C seven 
H7)3, Bi (OC two H5)3, Bi (OiC three H7)3, and Bi (OtC four H9)3 And Bi (O tC five Hll)3 from - with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
organic metal raw material chosen from the 2nd group which consists of Sr (THD)2 and Sr(THD) 2 
tetraglyme, and Sr(Me5 C5) 2 and 2THF, Ti (i OC three H7)4 and TiO (THD)2 And Ti(THD)2 2 (i OC 
three H7) from ~ with at least one kind of organic metal raw material chosen from the 3rd becoming 
group Ta (i OC three H7)5, TafiOC three H7)4 THD, Nb5 (i OC three H7) And the mixed gas which 
mixed at least one kind of organic metal raw material chosen from the 4th group which consists of 
NbG OC three H7)4 THD to the predetermined presentation is made into reactant gas. The manufacture 
approach of the dielectric capacitor according to claim 31 characterized by using. 

[Claim 35] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o C seven 
H7)3, Bi (O C two H5)3, Bi (OiC three H7)3, and Bi (O tC four H9)3 And Bi (O-tC five Hll)3 from - with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
organic metal raw material chosen from the 2nd group which consists of SrTa2 12 (OC two H5) and 
SrNb2 12 (OC two H5), Ti (i oC three H7)4, TiO (THD) 2 And Ti(THD)2 2 (i OC three H7) The mixed gas 
which mixed at least one kind of organic metal raw material chosen from the 3rd becoming group to the 
predetermined presentation is made into reactant gas. from - The manufacture approach of the dielectric 
capacitor according to claim 31 characterized by using. 

[Claim 36] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 23 characterized by being the film (however, the range of the atomic composition ratio 
0.1<=Zr/Pb<= 0.6, 0.4<=Ti/Pb<= 0.9) which uses as a principal component the amorphous phase which 
consists of Pb, Zr, Ti, and O. 
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[Claim 37] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 23 characterized by being the film (however, the range of the atomic composition ratio 
0.1<=Zr/Pb<= 0.6, 0.4<=Ti/Pb<= 0.9, 0.03<=Nb/Pb<= 0.30) which uses as a principal component the 
amorphous phase which consists of Pb, Zr, Ti, Nb, and O. 

[Claim 38] The above-mentioned precursor film is the manufacture approach of the dielectric capacitor 
according to claim 23 characterized by being the film (1.0 however, the range of the atomic composition 
ratio 0<=Sr/Ti<= 0<=Ba/Ti<= 1.0) which uses as a principal component the amorphous phase which 
consists of Ba, Sr, Ti, and O. 

[Claim 39] the above-mentioned protective coat - SrTa 206, Ta 205, Nb 205, Zr02, Ce02, and Y2 03 Or 
Hf02 from - the manufacture approach of the dielectric capacitor according to claim 23 characterized by 
becoming. 

[Claim 40] The manufacture approach of the dielectric capacitor according to claim 23 characterized by 
heat-treating the above-mentioned precursor film by which patterning was carried out to the 
configuration of the above-mentioned dielectric capacitor in a oxidizing gas ambient atmosphere. 
[Claim 41] The manufacture approach of the dielectric capacitor according to claim 40 characterized by 
performing heat treatment in the above-mentioned oxidizing gas ambient atmosphere at 500-degree-C or 
more temperature of 900 degrees C or less. 

[Claim 42] The mamifacture approach of the dielectric capacitor according to claim 23 characterized by 
heat-treating it in a oxidizing gas ambient atmosphere at 500-degree-C or more temperature of 900 
degrees C or less after heat-treating the above-mentioned precursor film by which patterning was carried 
out to the configuration of the above-mentioned dielectric capacitor in nitrogen-gas-atmosphere mind at 
500-degree-C or more temperature of 900 degrees C or less. 

[Claim 43] The manufacture approach of the dielectric capacitor according to claim 23 characterized by 
heat-treating ozone in the oxidizing gas ambient atmosphere included 0.5% or more at 300-degree-C or 
more temperature of 600 degrees C or less after heat-treating the above-mentioned precursor film by 
which patterning was carried out to the configuration of the above-mentioned dielectric capacitor in 
nitrogen gas atmosphere mind at 500-degree-C or more temperature of 900 degrees C or less. 
[Claim 44] The manufacture approach of the dielectric capacitor according to claim 23 characterized by 
heat-treating ozone in the oxidizing gas ambient atmosphere included 0.5% or more at 300-degree-C or 
more temperature of 600 degrees C or less after heat-treating the above-mentioned precursor film by 
which patterning was carried out to the configuration of the above-mentioned dielectric capacitor in the 
reduced pressure ambient atmosphere of 100 or less Torrs at 500-degree-C or more temperature of 800 
degrees C or less. 

[Claim 45] The manufacture approach of a dielectric capacitor according to claim 23 that thickness of the 
above-mentioned dielectric film is characterized by 20nm or more being 200nm or less. 
[Claim 46] In the manufacture approach of a semiconductor memory of having a dielectric capacitor using 
the dielectric film which consists of a dielectric of the perovskite mold crystal structure The process which 
forms the precursor film which uses as a principal component the amorphous phase or fluorite phase 
which consists of a configuration element of the above-mentioned dielectric the process which forms the 
lower electrode of the above-mentioned dielectric capacitor, and on the above-mentioned lower electrode, 
The process which forms the up electrode of the above-mentioned dielectric capacitor on the 
above-mentioned precursor film, By heat-treating the above-mentioned precursor film by which 
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patterning was carried out to the process which carries out patterning of the above-mentioned up 
electrode and the above-mentioned precursor film to the configuration of the above-mentioned dielectric 
capacitor by etching at least, and the configuration of the above-mentioned dielectric capacitor The 
manufacture approach of the semiconductor memory characterized by having the process which is made 
to carry out the phase change of the above-mentioned amorphous phase or the fluorite phase to the 
crystal phase of the perovskite mold crystal structure, and obtains the above-mentioned dielectric film. 
[Claim 47] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 46 characterized by being the film (2.6 however, the range of the atomic 
composition ratio 2.0 <=2Bi/(Ta+Nb) <= 0.6<=2Sr/(Ta+Nb)<= 1.2) which uses as a principal component 
the amorphous phase or fluorite phase which consists of Bi, Sr, Ta, Nb, and O. 

[Claim 48] The film which uses as a principal component the amorphous phase to which the 
above-mentioned precursor film consists of Bi, Sr, Ta, Nb, and O on the above-mentioned lower electrode 
(-- however, after the range of the atomic composition ratio forms 2.0 <=2Bi/(Ta+Nb) <=2.6, and 0.6 
<=2Sr/(Ta+Nb)<=1.2) The manufacture approach of the semiconductor memory according to claim 46 
characterized by being formed by carrying out the phase change of the above-mentioned amorphous 
phase to a fluorite phase by heat treatment. 

[Claim 49] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 46 characterized by being the film (2,5 however, the range of the atomic 
composition ratio 0.6<=2Sr/(Ta+Nb)<= 1.2 and 1.7 <=2Bi/(Ta+Nb) <= 0<2Ti/(Ta+Nb)<= 1.0) which uses as 
a principal component the amorphous phase or fluorite phase which consists of Bi, Sr, Ta, Nb, Ti, and O. 
[Claim 50] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 49 characterized by being formed by forming the film which uses the 
above-mentioned fluorite phase as a principal component by the chemical-vapor-deposition method. 
[Claim 51] The manufacture approach of the semiconductor memory according to claim 50 characterized 
by forming the film which uses the above-mentioned fluorite phase as a principal component at 
400-degree-C or more membrane formation temperature of 650 degrees C or less. 

[Claim 52] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o-C seven 
H7)3, Bi (O-C two H5)3, Bi (OiC three H7)3, and Bi (OtC four H9)3 And Bi (o tC five Hll)3 from - with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
organic metal raw material chosen from the 2nd group which consists of Sr (THD)2 and Sr(THD) 2 
tetraglyme, and Sr(Me5 C5) 2 and 2THF, Ti (i OC three H7)4 and TiO (THD)2 And Ti(THD)2 2 (i-OC 
three H7) from - with at least one kind of organic metal raw material chosen from the 3rd becoming 
group Ta (iOC three H7)5, Ta(i OC three H7)4 THD, Nb5 (i-OC three H7) And the mixed gas which 
mixed further with the oxidizing gas the mixed gas which mixed at least one kind of organic metal raw 
material chosen from the 4th group which consists of Nb(i-OC three H7)4 THD to the predetermined 
presentation is made into reactant gas. The manufacture approach of the semiconductor memory 
according to claim 50 characterized by using. 

[Claim 53] The film which uses as a principal component the amorphous phase to which the 
above-mentioned precursor film consists of Bi, Sr, Ta, Nb, Ti, and O on the above-mentioned lower 
electrode (-■ however, after the range of the atomic composition ratio forms 0.6 <=2Sr/(Ta+Nb) <=1.2, 1.7 
<=2Bi/(Ta+Nb) <=2.5, and 0<2Ti/(Ta+Nb)<=1.0) The manufacture approach of the semiconductor memory 
according to claim 46 characterized by being formed by carrying out the phase change of the 
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above-mentioned amorphous phase to a fluorite phase by heat treatment. 

[Claim 54] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 53 characterized by being formed by heat-treating in a oxidizing gas ambient 
atmosphere after forming the film which uses the above-mentioned amorphous phase as a principal 
component by the chemical-vapor-deposition method. 

[Claim 55] The manufacture approach of the semiconductor memory according to claim 54 characterized 
by forming the film which uses the above-mentioned amorphous phase as a principal component at 
300 degree C or more membrane formation temperature of 500 degrees C or less. 

[Claim 56] The manufacture approach of the semiconductor memory according to claim 54 characterized 
by performing the above-mentioned heat treatment at 600-degree-C or more temperature of 850 degrees 
C or less. 

[Claim 57] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o C seven 
H7)3, Bi (O C two H5)3, Bi (OiC three H7)3, and Bi (OtC four H9)3 And Bi (O tC five Hll)3 from - with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
organic metal raw material chosen from the 2nd group which consists of Sr (THD)2 and Sr(THD) 2 
tetraglyme, and Sr(Me5 C5) 2 and 2THF, Ti (iOC three H7)4 and TiO (THD)2 And Ti(THD)2 2 (iOC 
three H7) from " with at least one kind of organic metal raw material chosen from the 3rd becoming 
group Ta (i OC three H7)5, Ta(rOC three H7)4 THD, Nb5 (i OC three H7) And the mixed gas which 
mixed at least one kind of organic metal raw material chosen from the 4th group which consists of 
NbG OC three H7)4 THD to the predetermined presentation is made into reactant gas. The manufacture 
approach of the semiconductor memory according to claim 54 characterized by using. 

[Claim 58] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o-C seven 
H7)3, Bi (O-C two H5)3, Bi (OiC three H7)3, and Bi (O tC four H9)3 And Bi (O tC five Hll)3 from ~ with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
organic metal raw material chosen from the 2nd group which consists of SrTa2 12 (OC two H5) and 
SrNb2 12 (OC two H5), Ti (i-oC three H7)4, TiO (THD) 2 And Ti(THD)2 2 (i~OC three H7) from - the 
manufacture approach of the semiconductor memory according to claim 54 characterized by using the 
mixed gas which mixed at least one kind of organic metal raw material chosen from the 3rd becoming 
group to the predetermined presentation as reactant gas. 

[Claim 59] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 46 characterized by being the film (however, the range of the atomic 
composition ratio 0.1<=Zr/Pb<= 0.6, 0.4<=Ti/Pb<= 0.9) which uses as a principal component the 
amorphous phase which consists of Pb, Zr, Ti, and O. 

[Claim 60] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 46 characterized by being the film (however, the range of the atomic 
composition ratio 0.1<=Zr/Pb<= 0.6, 0.4<=Ti/Pb<= 0.9, 0.03<=Nb/Pb<= 0.30) which uses as a principal 
component the amorphous phase which consists of Pb, Zr, Ti, Nb, and O. 

[Claim 61] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 46 characterized by being the film (l.O however, the range of the atomic 
composition ratio 0<=Sr/Ti<= 0<=Ba/Ti<= 1.0) which uses as a principal component the amorphous phase 
which consists of Ba, Sr, Ti, and O. 

[Claim 62] The manufacture approach of the semiconductor memory according to claim 46 characterized 
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by heat-treating the above-mentioned precursor film by which patterning was carried out to the 
configuration of the above-mentioned dielectric capacitor in a oxidizing gas ambient atmosphere. 
[Claim 63] The manufacture approach of the semiconductor memory according to claim 62 characterized 
by performing heat treatment in the above-mentioned oxidizing gas ambient atmosphere at 500degreeC 
or more temperature of 900 degrees C or less. 

[Claim 64] The manufacture approach of the semiconductor memory according to claim 46 characterized 
by heat-treating it in a oxidizing gas ambient atmosphere at 500-degree-C or more temperature of 900 
degrees C or less after heat-treating the above-mentioned precursor film by which patterning was carried 
out to the configuration of the above-mentioned dielectric capacitor in nitrogen-gas-atmosphere mind at 
500-degree-C or more temperature of 900 degrees C or less. 

[Claim 65] The manufacture approach of the semiconductor memory according to claim 46 characterized 
by heat-treating ozone in the oxidizing gas ambient atmosphere included 0.5% or more at 300 degree C or 
more temperature of 600 degrees C or less after heat-treating the above-mentioned precursor film by 
which patterning was carried out to the configuration of the above-mentioned dielectric capacitor in 
nitrogen gas atmosphere mind at 500-degree-C or more temperature of 900 degrees C or less. 
[Claim 66] The manufacture approach of the semiconductor memory according to claim 46 characterized 
by heat-treating ozone in the oxidizing gas ambient atmosphere included 0.5% or more at 300 degree C or 
more temperature of 600 degrees C or less after heat-treating the above-mentioned precursor film by 
which patterning was carried out to the configuration of the above-mentioned dielectric capacitor in the 
reduced pressure ambient atmosphere of 100 or less Torrs at 500-degree-C or more temperature of 800 
degrees C or less. 

[Claim 67] The manufacture approach of a semiconductor memory according to claim 46 that thickness of 
the above-mentioned dielectric film is characterized by 20nm or more being 200nm or less. 
[Claim 68] In the manufacture approach of a semiconductor memory of having a dielectric capacitor using 
the dielectric film which consists of a dielectric of the perovskite mold crystal structure The process which 
forms the precursor film which uses as a principal component the amorphous phase or fluorite phase 
which consists of a configuration element of the above-mentioned dielectric the process which forms the 
lower electrode of the above-mentioned dielectric capacitor, and on the above-mentioned lower electrode, 
The process which forms the up electrode of the above-mentioned dielectric capacitor on the 
above-mentioned precursor film, The process which carries out patterning of the above-mentioned up 
electrode and the above-mentioned precursor film to the configuration of the above-mentioned dielectric 
capacitor by etching, The process which forms a protective coat so that the side attachment wall of the 
above-mentioned up electrode by which patterning was carried out to the configuration of the 
above-mentioned dielectric capacitor, and the above-mentioned precursor film may be covered, By 
heat-treating the above-mentioned precursor film with which patterning was carried out to the 
configuration of the above-mentioned dielectric capacitor, and the side attachment wall was covered by 
the above-mentioned protective coat The manufacture approach of the semiconductor memory 
characterized by having the process which is made to carry out the phase change of the above-mentioned 
amorphous phase or the fluorite phase to the crystal phase of the perovskite mold crystal structure, and 
obtains the above-mentioned dielectric film. 

[Claim 69] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 68 characterized by being the film (2.6 however, the range of the atomic 



10 



JP2000-236075A 



composition ratio 2.0 <=2Bi/(Ta+Nb) <= 0.6<=2Sr/(Ta+Nb)<= 1.2) which uses as a principal component 
the amorphous phase or fluorite phase which consists of Bi, Sr, Ta, Nb, and O. 

[Claim 70] The film which uses as a principal component the amorphous phase to which the 
above-mentioned precursor film consists of Bi, Sr, Ta, Nb, and O on the above-mentioned lower electrode 
(-- however, after the range of the atomic composition ratio forms 2.0 <=2Bi/(Ta+Nb) <=2.6, and 0.6 
<=2Sr/(Ta+Nb)<=1.2) The manufacture approach of the semiconductor memory according to claim 68 
characterized by being formed by carrying out the phase change of the above-mentioned amorphous 
phase to a fluorite phase by heat treatment. 

[Claim 71] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 68 characterized by being the film (2.5 however, the range of the atomic 
composition ratio 0.6<=2Sr/(Ta+Nb)<= 1.2 and 1.7 <=2Bi/(Ta+Nb) <= 0<2Ti/(Ta+Nb)<= 1.0) which uses as 
a principal component the amorphous phase or fluorite phase which consists of Bi, Sr, Ta, Nb, Ti, and O. 
[Claim 72] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 71 characterized by being formed by forming the film which uses the 
above-mentioned fluorite phase as a principal component by the chemical-vapor-deposition method. 
[Claim 73] The manufacture approach of the semiconductor memory according to claim 72 characterized 
by forming the film which uses the above-mentioned fluorite phase as a principal component at 
400-degree C or more membrane formation temperature of 650 degrees C or less. 

[Claim 74] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o-C seven 
H7)3, Bi (O C two H5)3, Bi (O iC three H7)3, and Bi (OtC four H9)3 And Bi (o tC five Hll)3 from -- with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
organic metal raw material chosen from the 2nd group which consists of Sr (THD)2 and Sr(THD) 2 
tetraglyme, and Sr(Me5 C5) 2 and 2THF, Ti (i OC three H7)4 and TiO (THD)2 And Ti(THD)2 2 (i OC 
three H7) from - with at least one kind of organic metal raw material chosen from the 3rd becoming 
group Ta (i OC three H7)5, Ta(i OC three H7)4 THD, Nb5 (i OC three H7) And the mixed gas which 
mixed further with the oxidizing gas the mixed gas which mixed at least one kind of organic metal raw 
material chosen from the 4th group which consists of Nb(i-OC three H7)4 THD to the predetermined 
presentation is made into reactant gas. The manufacture approach of the semiconductor memory 
according to claim 72 characterized by using. 

[Claim 75] The film which uses as a principal component the amorphous phase to which the 
above-mentioned precursor film consists of Bi, Sr, Ta, Nb, Ti, and O on the above-mentioned lower 
electrode ( - however, after the range of the atomic composition ratio forms 0.6 <=2Sr/(Ta+Nb) <=1.2, 1.7 
<=2Bi/(Ta+Nb) <=2.5, and 0<2Ti/(Ta+Nb)<=1.0) The manufacture approach of the semiconductor memory 
according to claim 68 characterized by being formed by carrying out the phase change of the 
above-mentioned amorphous phase to a fluorite phase by heat treatment. 

[Claim 76] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 75 characterized by being formed by heat-treating in a oxidizing gas ambient 
atmosphere after forming the film which uses the above-mentioned amorphous phase as a principal 
component by the chemical-vapor-deposition method. 

[Claim 77] The manufacture approach of the semiconductor memory according to claim 76 characterized 
by forming the film which uses the above-mentioned amorphous phase as a principal component at 
300-degree-C or more membrane formation temperature of 500 degrees C or less. 
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[Claim 78] The manufacture approach of the semiconductor memory according to claim 76 characterized 
by performing the above-mentioned heat treatment at 600 degree C or more temperature of 850 degrees 
C or less. 

[Claim 79] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o C seven 
H7)3, Bi (OC two H5)3, Bi (OiC three H7)3, and Bi (OtC four H9)3 And Bi (OtC five Hll)3 from - with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
organic metal raw material chosen from the 2nd group which consists of Sr (THD)2 and Sr(THD) 2 
tetraglyme, and Sr(Me5 C5) 2 and 2THF, Ti (i OC three H7)4 and TiO (THD)2 And Ti(THD)2 2 (rOC 
three H7) from - with at least one kind of organic metal raw material chosen from the 3rd becoming 
group Ta (iOC three H7)5, TaGOC three H7)4 THD, Nb5 (iOC three H7) And the mixed gas which 
mixed at least one kind of organic metal raw material chosen from the 4th group which consists of 
Nb(i-OC three H7)4 THD to the predetermined presentation is made into reactant gas. The manufacture 
approach of the semiconductor memory according to claim 76 characterized by using. 

[Claim 80] In the case of the above-mentioned chemical vapor deposition, Bi(C six H5) 3 and Bi (o C seven 
H7)3, Bi (O C two H5)3, Bi (OiC three H7)3, and Bi (OtC four H9)3 And Bi (o tC five Hll)3 from - with 
at least one kind of organic metal raw material chosen from the 1st becoming group At least one kind of 
organic metal raw material chosen from the 2nd group which consists of SrTa2 12 (OC two H5) and 
SrNb2 12 (OC two H5), Ti (i oC three H7)4, TiO (THD)2 And Ti(THD)2 2 (i OC three H 7) from - the 
manufacture approach of the semiconductor memory according to claim 76 characterized by using the 
mixed gas which mixed at least one kind of organic metal raw material chosen from the 3rd becoming 
group to the predetermined presentation as reactant gas. 

[Claim 81] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 68 characterized by being the film (however, the range of the atomic 
composition ratio 0.1<=Zr/Pb<= 0.6, 0.4<=Ti/Pb<= 0.9) which uses as a principal component the 
amorphous phase which consists of Pb, Zr, Ti, and O. 

[Claim 82] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 68 characterized by being the film (however, the range of the atomic 
composition ratio 0.1<=Zr/Pb<= 0.6, 0.4<=Ti/Pb<= 0.9, 0.03<=Nb/Pb<= 0.30) which uses as a principal 
component the amorphous phase which consists of Pb, Zr, Ti, Nb, and O. 

[Claim 83] The above-mentioned precursor film is the manufacture approach of the semiconductor 
memory according to claim 68 characterized by being the film (1.0 however, the range of the atomic 
composition ratio 0<=Sr/Ti<= 0<=Ba/Ti<= 1.0) which uses as a principal component the amorphous phase 
which consists of Ba, Sr, Ti, and O. 

[Claim 84] the above-mentioned protective coat - SrTa 206, Ta 205, Nb 205, Zr02, Ce02, and Y2 03 Or 
Hf02 from - the manufacture approach of the semiconductor memory according to claim 68 characterized 
by becoming. 

[Claim 85] The manufacture approach of the semiconductor memory according to claim 68 characterized 
by heat-treating the above-mentioned precursor film by which patterning was carried out to the 
configuration of the above-mentioned dielectric capacitor in a oxidizing gas ambient atmosphere. 
[Claim 86] The manufacture approach of the semiconductor memory according to claim 85 characterized 
by performing heat treatment in the above-mentioned oxidizing gas ambient atmosphere at 500"degree"C 
or more temperature of 900 degrees C or less. 
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[Claim 87] The manufacture approach of the semiconductor memory according to claim 68 characterized 
by heat-treating it in a oxidizing gas ambient atmosphere at 500-degree-C or more temperature of 900 
degrees C or less after heat-treating the above-mentioned precursor film by which patterning was carried 
out to the configuration of the above-mentioned dielectric capacitor in nitrogen-gas-atmosphere mind at 
500-degree C or more temperature of 900 degrees C or less. 

[Claim 88] The manufacture approach of the semiconductor memory according to claim 68 characterized 
by heat-treating ozone in the oxidizing gas ambient atmosphere included 0.5% or more at 300 degree C or 
more temperature of 600 degrees C or less after heat-treating the above-mentioned precursor film by 
which patterning was carried out to the configuration of the above-mentioned dielectric capacitor in 
nitrogen gas atmosphere mind at 500-degree-C or more temperature of 900 degrees C or less. 
[Claim 89] The manufacture approach of the semiconductor memory according to claim 68 characterized 
by heat-treating ozone in the oxidizing gas ambient atmosphere included 0.5% or more at 300 degree C or 
more temperature of 600 degrees C or less after heat-treating the above-mentioned precursor film by 
which patterning was carried out to the configuration of the above-mentioned dielectric capacitor in the 
reduced pressure ambient atmosphere of 100 or less Torrs at 500-degree-C or more temperature of 800 
degrees C or less. 

[Claim 90] The manufacture approach of a semiconductor memory according to claim 68 that thickness of 
the above-mentioned dielectric film is characterized by 20nm or more being 200nm or less. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention is applied to manufacture of the dielectric capacitor 
using the dielectric film which consists of a dielectric of the perovskite mold crystal structure, and 
manufacture of the semiconductor memory which has such a dielectric capacitor about the manufacture 
approach of a dielectric capacitor, and the manufacture approach of a semiconductor memory, and is 
suitable. 
[0002] 

[Description of the Prior Art] In recent years, with increase of the storage capacity of a semiconductor 
memory, the area of a memory cell is reduced quickly and reservation of a required charge capacity is 
made by adopting the three-dimension ized complicated structure in connection with it in the capacitor 
which constitutes a memory cell. Meanwhile, in order to aim at the improvement of the yield and the 
reduction of a routing counter by the simplification of structure, adoption of the dielectric capacitor of 
simple structure using a dielectric film with a high dielectric constant is considered. As a dielectric film 
with a high dielectric constant used for such a dielectric capacitor, it has the perovskite mold crystal 
structure and what consists of an oxide of the shape of polycrystal the particle size of whose is about 
20-300nm is known. 

[0003] In order to form conventionally the dielectric capacitor using the dielectric film which consists of a 
dielectric of the perovskite mold crystal structure After forming a dielectric film on the lower electrode 
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formed on the base, it crystallizes by heat-treating this dielectric film, furthermore, reactive ion etching 
(RIE) after forming an up electrode on this crystalized dielectric film - by law or the ion milling method, 
the up electrode, the dielectric film, and the lower electrode were etched, and patterning was carried out 
to the configuration of a dielectric capacitor. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when the dielectric capacitor using the dielectric film 
which consists of a dielectric of the perovskite mold crystal structure with the conventional technique 
mentioned above was formed, on the occasion of etching by the RIE method or the ion milling method, the 
specific element was etched, or the oxygen defect occurred in the processing front face of a dielectric film, 
and there was a problem that the property of the dielectric capacitor after processing deteriorated 
remarkably. It follows on mass storage capacityization of semiconductor memory especially, and the area 
of a dielectric capacitor is 2 10 micrometers. Following, It is 2 several micrometers. When it reduces even 
to extent, the rate of the area which each crystal grain in a dielectric film occupies to the area of the whole 
capacitor increases. The effect of the damage which each crystal grain belonging to the 
side-attachment wall part of a capacitor receives into an etching process became large relatively, and 
suited the inclination for the degree of degradation of the property of a dielectric capacitor to also increase. 
[0005] Moreover, when the dielectric capacitor using the dielectric film which consists of a dielectric of the 
perovskite mold crystal structure with the conventional technique is formed, A specific metal deposits on 
the side attachment wall of a dielectric capacitor in the time of an etching process, and the case of the 
heat treatment process performed after that, or Or a conductive oxide is generated, it sets to the 
semiconductor memory of mass storage capacity especially, and the area of a dielectric capacitor is 2 10 
micrometers. Following, It is 2 several micrometers. When it reduced even to extent, it is in the 
inclination for the leakage current of a dielectric capacitor to increase, and had become the big problem 
which spoils dependability. 

[0006] Therefore, in case the purpose of this invention manufactures the semiconductor memory which 
has the dielectric capacitor and such a dielectric capacitor which used the dielectric film of the perovskite 
mold crystal structure, even if it is the case where the area of a dielectric capacitor contracts, it is to offer 
the manufacture approach of a dielectric capacitor that a dielectric capacitor with a good property is 
realizable, and the manufacture approach of a semiconductor memory. 

[0007] They are to offer the manufacture approach of a dielectric capacitor that improvement in 
dependability can be aimed at, and the manufacture approach of a semiconductor memory while they can 
realize a dielectric capacitor with a good property, even if they are the cases where the area of a dielectric 
capacitor contracts, in case other purposes of this invention manufacture the semiconductor memory 
which has the dielectric capacitor and such a dielectric capacitor which used the dielectric film of the 
perovskite mold crystal structure. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention of the 1st of 
this invention In the manufacture approach of the dielectric capacitor using the dielectric film which 
consists of a dielectric of the perovskite mold crystal structure The process which forms the precursor film 
which uses as a principal component the amorphous phase or fluorite phase which consists of a 
configuration element of a dielectric the process which forms a lower electrode, and on a lower electrode, 
The process which forms an up electrode on the precursor film, and the process which carries out 
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patterning of an up electrode and the precursor film to the configuration of a dielectric capacitor by 
etching at least, By heat-treating the precursor film by which patterning was carried out to the 
configuration of a dielectric capacitor, it is characterized by having the process which is made to carry out 
the phase change of an amorphous phase or the fluorite phase to the crystal phase of the perovskite mold 
crystal structure, and obtains a dielectric film. 

[0009] In the manufacture approach of the dielectric capacitor using the dielectric film with which 
invention of the 2nd of this invention consists of a dielectric of the perovskite mold crystal structure The 
process which forms the precursor film which uses as a principal component the amorphous phase or 
fluorite phase which consists of a configuration element of a dielectric the process which forms a lower 
electrode, and on a lower electrode, The process which forms an up electrode on the precursor film, and 
the process which carries out patterning of an up electrode and the precursor film to the configuration of a 
dielectric capacitor by etching, The process which forms a protective coat so that the side attachment wall 
of the up electrode by which patterning was carried out to the configuration of a dielectric capacitor, and 
the precursor film may be covered, By heat-treating the precursor film with which patterning was carried 
out to the configuration of a dielectric capacitor, and the side attachment wall was covered by the 
protective coat It is characterized by having the process which is made to carry out the phase change of an 
amorphous phase or the fluorite phase to the crystal phase of the perovskite mold crystal structure, and 
obtains a dielectric film. 

[0010] In the manufacture approach of a semiconductor memory of having a dielectric capacitor using the 
dielectric film with which invention of the 3rd of this invention consists of a dielectric of the perovskite 
mold crystal structure The process which forms the precursor film which uses as a principal component 
the amorphous phase or fluorite phase which consists of a configuration element of a dielectric the process 
which forms the lower electrode of a dielectric capacitor, and on a lower electrode, The process which 
forms the up electrode of a dielectric capacitor on the precursor film, and the process which carries out 
patterning of an up electrode and the precursor film to the configuration of a dielectric capacitor by 
etching at least, By heat-treating the precursor film by which patterning was carried out to the 
configuration of a dielectric capacitor, it is characterized by having the process which is made to carry out 
the phase change of an amorphous phase or the fluorite phase to the perovskite mold crystal structure, 
and obtains a dielectric film. 

[0011] In the manufacture approach of a semiconductor memory of having a dielectric capacitor using the 
dielectric film with which invention of the 4th of this invention consists of a dielectric of the perovskite 
mold crystal structure The process which forms the precursor film which uses as a principal component 
the amorphous phase or fluorite phase which consists of a configuration element of a dielectric the process 
which forms the lower electrode of a dielectric capacitor, and on a lower electrode, The process which 
forms the up electrode of a dielectric capacitor on the precursor film, and the process which carries out 
patterning of an up electrode and the precursor film to the configuration of a dielectric capacitor by 
etching, The process which forms a protective coat so that the side attachment wall of the up electrode by 
which patterning was carried out to the configuration of a dielectric capacitor, and the precursor film may 
be covered, By heat-treating the precursor film with which patterning was carried out to the 
configuration of a dielectric capacitor, and the side attachment wall was covered by the protective coat It 
is characterized by having the process which is made to carry out the phase change of an amorphous 
phase or the fluorite phase to the crystal phase of the perovskite mold crystal structure, and obtains a 
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dielectric film. 

[0012] In this invention, the film (2.6 however, the range of that atomic composition ratio 2.0 
<=2Bi/(Ta+Nb) <= 0.6<=2Sr/(Ta+Nb)<= 1.2) which uses as a principal component typically the amorphous 
phase or fluorite phase which consists of Bi, Sr, Ta, Nb, and O as precursor film is used. In this case, the 
dielectric film (SBT film) which consists of a ferroelectric of Bi system layer structure perovskite mold 
crystal structure expressed with empirical formula Bix Sry2.0 (Taz Nbl z) Ow (however, 2.0<=x<=2.6, 
0.6<=y<=1.2, 0<=z<=1.0, w= 9**d, 0<=d<=1.0) is obtained by heat-treating this precursor film. Moreover, 
after forming the film (2.6 however, the range of that atomic composition ratio 2.0 <=2Bi/(Ta+Nb) <= 
0.6<=2Sr/(Ta+Nb)<= 1.2) which uses as a principal component the amorphous phase which consists of Bi, 
Sr, Ta, Nb, and O on a lower electrode, you may make it form this precursor film of SBT by carrying out 
the phase change of the amorphous phase to a fluorite phase by heat treatment. In addition, heat 
treatment in this case is suitably performed before up electrode formation. 

[0013] In this invention, the film (2.5 however, the range of that atomic composition ratio 
0.6<=2Sr/(Ta+Nb)<= 1.2 and 1.7 <=2Bi/(Ta+Nb) <= 0<2Ti/(Ta+Nb)<= 1.0) which uses as a principal 
component the amorphous phase or fluorite phase which consists of Bi, Sr, Ta, Nb, Ti, and O as precursor 
film may be used. The range of the atomic composition ratio of the precursor film which consists of film 
which uses as a principal component the amorphous phase or fluorite phase which consists of this Bi, Sr, 
Ta, Nb, Ti, and O It is chosen as 0.7 <=2Sr/(Ta+Nb) <=1.0, 2.0 <=2Bi/(Ta+Nb) <=2.4, and 0.01 
<=2Ti/(Ta+Nb) <=1.0, and is more suitably chosen as 0.1 <=2Ti/(Ta+Nb) <=1.0 about 2Ti/(Ta+Nb). By 
heat-treating this precursor film, in this case, empirical formula Srx Biy2.0 (Ta, Nb) Tiz Ow 0.6<=x<=1.2, 
1.7<=y<=2.5, 0< z<=1.0, w= 9**d, and 0<=d<=1.0 - suitably [ however, ] 0.7<=x<=1.0, 2.0<=y<=2.4, 
0.01<=z<=1.0, w= 9**d, and 0<=d<=1.0 - more suitably The dielectric film (SBTT film) which consists of 
a ferroelectric of 0.7<=x<=1.0, 2.0<=y<=2.4, 0.1<=z<=1.0, w= 9**d, and Bi system layer structure 
perovskite mold crystal structure expressed with 0<=d<=1.0 is obtained. The precursor film of this SBTT 
on a lower electrode Moreover, Bi, Sr, Ta, The film which uses as a principal component the amorphous 
phase which consists of Nb, Ti, and O (" however, after the range of the atomic composition ratio forms 
0.6 <=2Sr/(Ta+Nb) <=1.2, 1.7 <=2Bi/(Ta+Nb) <=2.5, and 0<2Ti7(Ta+Nb)<=1.0) You may make it form by 
carrying out the phase change of the amorphous phase to a fluorite phase by heat treatment. In addition, 
heat treatment in this case is suitably performed before up electrode formation. 

[0014] In this invention moreover, as precursor film The film which uses as a principal component the 
amorphous phase which consists of Pb, Zr, Ti, and O (however, the range of the atomic composition ratio 
0.1<=Zr/Pb<= 0.6, 0.4<=Ti/Pb<= 0.9), Or the film (however, the range of the atomic composition ratio 
0.1<=Zr/Pb<= 0.6, 0.4<=Ti/Pb<= 0.9, 0.03<=Nb/Pb<= 0.30) which uses as a principal component the 
amorphous phase which consists of Pb, Zr, Ti, and O may be used. In the case of the former, by 
heat-treating the precursor film Empirical formula Pbl.O 1.0 (Zrx Ti l x) 03 By obtaining the dielectric 
film (PZT film) which consists of a ferroelectric of the perovskite mold crystal structure expressed with 
(0.1<=x<=0.6 [ however, ]), and heat-treating the precursor film, when it is the latter The dielectric film 
(PNZT film) which consists of a ferroelectric of the perovskite mold crystal structure expressed with 
empirical formula Pbl.0-y Nby 1.0 (ZrxTi l-x)03 (however, 0.1<=x<=0.6, 0.03<=y<=0.30) is obtained. 
[0015] These ferroelectrics mentioned above are used for the ferroelectric film ingredient of ferroelectric 
random-access memory, and are suitable. 

[0016] In this invention, the film (1.0 however, the range of that atomic composition ratio 0<=Sr/Ti<= 
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0<=BayTi<= 1.0) which uses as a principal component further the amorphous phase which consists of Ba, 
Sr, Ti, and O as precursor film may be used. In this case, the dielectric film (BST film) which consists of a 
high dielectric expressed with empirical formula (Bax Sr l x) 1.0 Ti 1.0O3 (however, 0<-x<=1.0) is 
obtained by heat-treating this precursor film. This high dielectric is used for the dielectric film ingredient 
of the capacitor in DRAM, and is suitable. 

[0017] In this invention, the precursor film is formed by a chemical" vapor- deposition method or spin coat 
methods, such as for example, an organic metal chemical-vapor-deposition method, etc. 
[0018] In this invention, when the dielectric film finally obtained is SBTT film, that precursor film is 
suitably formed by forming the film which uses a fluorite phase as a principal component by 
chemical- vapor- deposition methods, such as an organic metal chemical-vapor-deposition method. In this 
case, membranes are formed at 400degreeC or more membrane formation temperature (substrate 
temperature) of 650 degrees C or less, and the film which uses a fluorite phase as a principal component 
is formed by the reagent-gas-pressure force of 1 - lOTorr. As reactant gas, for example Bi (C six H5)3 and 
Bi (o-C seven H7)3, Bi (O C two H5)3, Bi (OiC three H7)3, and Bi (O tC four H9)3 And Bi (o tC five Hll)3 
from - with at least one kind of organic metal raw material chosen from the 1st becoming group Sr 
(THD)2, Sr(THD)2 tetraglyme (tetraglyme) (THD'2, 2 and 6, 6 Tetramethyl-3, S heptandion, and C 
11H1902), and Sr(Me5 G5) 2 and 2THF (Me=CH3 --) At least one kind of organic metal raw material 
chosen from the 2nd group which consists of a THF= tetrahydrofuran, Ti (i.OC three H7)4 and TiO 
(THD)2 And Ti(THD)2 2 (i OC three H7) from - with at least one kind of organic metal raw material 
chosen from the 3rd becoming group Ta (i OC three H7)5, Ta(i-OC three H7)4 THD, Nb5 (iOC three H7) 
And the mixed gas which mixed further with the oxidizing gas the mixed gas which mixed at least one 
kind of organic metal raw material chosen from the 4th group which consists of Nb(i OC three H7)4 THD 
to the predetermined presentation is used. 

[0019] Moreover, when the dielectric film finally obtained is SBTT film, the precursor film may be formed 
by carrying out the phase change of the fluorite phase for an amorphous phase by heat treatment, once 
forming the film which uses an amorphous phase as a principal component on a lower electrode. Suitably, 
specifically, this precursor film is formed by heat-treating in a oxidizing gas ambient atmosphere, after 
forming the film which uses an amorphous phase as a principal component by chemical-vapor-deposition 
methods, such as an organic metal chemical-vapor-deposition method. In this case, membranes are 
formed at 300-degree-C or more membrane formation temperature (substrate temperature) of 500 
degrees C or less, and the film which uses an amorphous phase as a principal component is formed by the 
reagent-gas-pressure force of 1 - lOTorr. Heat treatment in this case is 850 degrees C or less in 
600 degree-C or more temperature, for example, is performed for [ 30 seconds - ] 120 minutes. As reactant 
gas, for example Bi (C six H5)3 and Bi (o-C seven H7)3, Bi (O-C two H5)3, Bi (O iC three H7)3, and Bi 
(O tC4H9)3 And Bi (O-tC five Hll)3 from - with at least one kind of organic metal raw material chosen 
from the 1st becoming group Sr (THD)2 and Sr2 (THD) At least one kind of organic metal raw material 
chosen from the 2nd group which consists of tetraglyme, and Sr(Me5 C5) 2 and 2THF, Ti (i OC three H7)4, 
TiO (THD)2, and Ti(THD)2 2 (i OC three H7) from - with at least one kind of organic metal raw material 
chosen from the 3rd becoming group Ta (i OC three H7)5, Ta(i-OC three H7)4 THD, Nb5 (iOC three H7) 
And [ whether the mixed gas which mixed at least one kind of organic metal raw material chosen from the 
4th group which consists of Nb(i"OC three H7)4THD to the predetermined presentation is used, and ] Or 
Bi (C six H5)3 and Bi (o-C seven H7)3, Bi (O C two H5)3, Bi (O-iC three H7)3, and Bi (O-tC four H9)3 And 
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Bi (OtC five Hll)3 from - with at least one kind of organic metal raw material chosen from the 1st 
becoming group At least one kind of organic metal raw material chosen from the 2nd group which consists 
of SrTa2 12 (OC two H5) and SrNb2 12 (OC two H5) (BAIMETA rucksack alkoxide), Ti (i oC three H7)4 
and TiO (THD)2 And Ti(THD)2 2 (i OC three H7) from - the mixed gas which mixed at least one kind of 
organic metal raw material chosen from the 3rd becoming group to the predetermined presentation is 
used. 

[0020] In this invention, in order to obtain a dielectric film, the precursor film by which patterning was 
carried out to the configuration of a dielectric capacitor is typically heat-treated in a oxidizing gas 
ambient atmosphere, and 900 degrees C [ 500 degrees C or more ] or less of heat treatments in this 
oxidizing gas ambient atmosphere are suitably performed at 650 degreeC or more temperature of 800 
degrees C or less. In order to obtain a dielectric film, moreover, the precursor film by which patterning 
was carried out to the configuration of a dielectric capacitor After heat-treating in 
nitrogen gas atmosphere mind at 500'degree-C or more temperature of 900 degrees C or less, You may 
heat-treat in a oxidizing gas ambient atmosphere at 500 degree C or more temperature of 900 degrees C 
or less. After heat-treating in nitrogen gas atmosphere mind at 500-degree-C or more temperature of 900 
degrees C or less, Ozone may be heat-treated in the oxidizing gas ambient atmosphere included 0.5% or 
more at 300 degree C or more temperature of 600 degrees C or less. Or after heat-treating in the reduced 
pressure ambient atmosphere of 100 or less Torrs at 500-degree C or more temperature of 800 degrees C 
or less, ozone may be heat-treated in the oxidizing gas ambient atmosphere included 0.5% or more at 
300-degree-C or more temperature of 600 degrees C or less. 

[0021] The thickness of a dielectric film is chosen as 20nm or more 200nm or less in this invention. The 
thickness of this dielectric film is suitably chosen as 20nm or more lOOnm or less, and is further chosen 
more suitably as 30nm or more 80nm or less from a viewpoint which realizes lowbattery actuation in the 
semiconductor device using this dielectric capacitor by the viewpoint which realizes a better property. 
[0022] In invention and invention of the 3rd of the 1st of this invention, the process which carries out 
patterning of an up electrode and the precursor film to the configuration of a dielectric capacitor by 
etching at least Typically, it is carried out by the reactive-ion-etching method or the ion milling method, 
and sets to invention and invention of the 4th of the 2nd of this invention similarly. Typically, the process 
which carries out patterning of an up electrode and the precursor film to the configuration of a dielectric 
capacitor by etching is performed by the reactive-ion-etching method or the ion milling method. 
[0023] In invention and invention of the 4th of the 2nd of this invention, a protective coat is an insulator 
layer typically. In addition, as for the combination of the ingredient of this protective coat, and the 
ingredient of a dielectric film, therefore the combination of the ingredient of a protective coat, and the 
ingredient of the precursor film, it is desirable that they are the thing to which mutual configuration 
elements do not react, or the thing which will form a stable insulator layer even if a reaction occurs. From 
this viewpoint, it responds to the configuration element of a dielectric film as an ingredient of this 
protective coat, for example, is SrTa 206, Ta 205, Nb 205, Zr02, Ce02, and Y2 03. Or Hf02 It is used. 
[0024] According to invention of the 1st or the 3rd of this invention constituted as mentioned above In 
case the dielectric capacitor using the dielectric of the perovskite mold crystal structure as a dielectric 
film is formed Sequential formation of the precursor film and up electrode which use as a principal 
component the amorphous phase or fluorite phase which consists of a lower electrode and a configuration 
element of a dielectric is carried out. By heat-treating the precursor film by which patterning was carried 



JP2000-236075A 

18 

out to the configuration of a dielectric capacitor, after carrying out patterning of an up electrode and the 
precursor film to the configuration of a dielectric capacitor by etching at least The crystal grain in the 
dielectric film finally obtained by carrying out the phase change of an amorphous phase or the fluorite 
phase to the crystal phase of the perovskite mold crystal structure, and trying obtaining a dielectric film 
Etching processing cannot receive a damage, therefore degradation of the property of the dielectric 
capacitor by etching processing can be prevented. 

[0025] According to invention or invention of the 4th of the 2nd of this invention constituted as mentioned 
above In case the dielectric capacitor using the dielectric of the perovskite mold crystal structure as a 
dielectric film is formed Sequential formation of the precursor film and up electrode which use as a 
principal component the amorphous phase or fluorite phase which consists of a lower electrode and a 
configuration element of a dielectric is carried out. By forming the protective coat so that the side 
attachment wall of these up electrodes and the precursor film may be covered after carrying out 
patterning of an up electrode and the precursor film to the configuration of a dielectric capacitor by 
etching Since a specific metal can deposit on the side attachment wall of a dielectric capacitor in the time 
of etching of a lower electrode, and the case of heat treatment performed after that or it can prevent that 
a conductive oxide is generated, degradation of the leak current characteristic of a dielectric capacitor can 
be prevented. Moreover, according to this 2nd and 4th invention, degradation of the property of the 
dielectric capacitor by etching processing can also be prevented by trying obtaining a dielectric film by 
heat-treating the precursor film by which patterning was carried out to the configuration of a dielectric 
capacitor like the case of the 1st and the 3rd invention. 
[0026] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about the operation gestalt 
of this invention, first, the 1- of this invention which applied the manufacture approach of the dielectric 
capacitor by this invention to manufacture of the dielectric capacitor using the SBT film as a dielectric 
film - the 4th operation gestalt is explained, in addition, the 1- in the complete diagram of the 4th 
operation gestalt, the sign identically same into a corresponding part is attached. 

[0027] Drawing 1 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 1st operation gestalt of this invention. 

[0028] As the manufacture approach of the dielectric capacitor by this 1st operation gestalt is first shown 
in drawing 1 A, it is the usual conditions for example, by the sputtering method on the conductive Si 
substrate 1, and it is Ir02 as a lower electrode. Sequential membrane formation of the film 2 and the Ir 
film 3 is carried out. Here, it is Ir02. The thickness of the film 2 is chosen as lOOnm, and the thickness of 
the Ir film 3 is chosen as 200nm. 

[0029] next, the Ir film 3 top - for example, MOCVD ~ the amorphous film 4 as precursor film of SBT 
which consists of Sr, Bi, Ta, and O which are the configuration element of the SBT film finally obtained by 
law is formed. The Si substrate 1 which even the Ir film 3 formed is specifically installed on the susceptor 
of the reaction chamber (membrane formation room) of the MOCVD system which carried out the 
illustration abbreviation, and it heats and holds in substrate temperature of 400 650 degrees C. And Bi 
(C six H5)3 and Sr2 (DPM) What mixed each organic metal raw material of tetraglyme (tetraglyme) 
(DPM= dipivaloyl meta NETO) and TaGOC three H7)4 DPM to the predetermined presentation ratio is 
made to evaporate. And after setting up so that the gas obtained by this may be mixed with argon carrier 
gas and those total flow may be set to 1000SCCM(s), and mixing with the oxygen gas of flow rate 
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1000SCCM just before a reaction chamber, it introduces into a reaction chamber by making this mixed 
gas into material gas, and membranes are formed by the reagent- gas-pressure force of 0.1 - SOTorr. The 
amorphous film 4 as precursor film of SBT is formed by this. The thickness of this amorphous film 4 is 
chosen as 150nm, and the range of an atomic composition ratio is chosen as 2.0 <=2Bi/Ta<=2.6 and 0.6 
<=2 Sr/Ta<=1.2. 

[0030] Next, the Pt film 5 as an up electrode is formed on condition that usual for example, by the 
sputtering method on this amorphous film 4. The thickness of this Pt film 5 is chosen as lOOnm. 
[0031] Next, as shown in drawing 1 B, they are the Pt film 5, the amorphous film 4, the Ir film 3, and Ir02. 
Patterning of the film 2 is carried out to the configuration of the dielectric capacitor of 
2micrometerx2micrometer size for example, by the RIE method. 

[0032] Next, by heat-treating the amorphous film 4 by which did in this way and patterning was carried 
out to the configuration of a dielectric capacitor at 750 degrees C in the oxygen ambient atmosphere of 
ordinary pressure for 1 hour for example, the phase change of the amorphous phase in the amorphous 
film 4 is carried out to the crystal phase of Bi system layer structure perovskite mold crystal structure, 
and the amorphous film 4 is crystallized. By this, as shown in drawing 1 C, the SBT film 6 is obtained 
between the Ir film 3 and the Pt film 5. This SBT film 6 consists of a ferroelectric of Bi system layer 
structure perovskite mold crystal structure expressed with empirical formula Bix Sry Ta2.0 Oz (however, 
2.0<=x<=2.6, 0.6<=y<=1.2, z= 9**d, 0<=d<=1.0). 

[0033] Next, as shown in drawing 1 D, an interlayer insulation film 7 is formed on the whole surface. Next, 
etching removal of the predetermined part on the Pt film 5 is carried out among interlayer insulation 
films 7, and contact hole 7a is formed. Next, after forming aluminum alloy film for example, by the 
sputtering method on the whole surface, patterning of this aluminum alloy film is carried out to a 
predetermined configuration by etching, it is pulled out, and an electrode 8 is formed. 

[0034] The dielectric capacitor made into the purpose using the SBT film as a dielectric film according to 
the above process is manufactured. 

[0035] the place which pulled out with the Si substrate 1 of the dielectric capacitor manufactured as 
mentioned above, impressed the electrical potential difference between electrodes 8, and measured the 
(Polarization P)- electrical-potential -difference (V) hysteresis - dielectric polarization value (remanence 
value) 2Pr ****** - 2Pr =10-25microC/cm2 The value was acquired. This 2Pr It is a value good as a 
dielectric capacitor using the SBT film, and was obtained by the measurement this [ whose ] let the Si 
substrate 1 pass. On the other hand, after crystallizing by heat-treating the amorphous film 4 like the 
conventional technique and obtaining the SBT film 6, The Pt film 5 is formed on this SBT film 6, and they 
are the next and Pt film 5, the SBT film 6, the Ir film 3, and Ir02. Were manufactured by carrying out 
patterning of the film 2 to the configuration of a dielectric capacitor by etching. Remanence value 2Pr of 
the dielectric capacitor of 2micrometerx2 micrometer size 10microC/cm2 It was the following. From the 
above thing, it sets to the dielectric capacitor using the SBT film by applying the manufacture approach of 
the dielectric capacitor by this invention, and is remanence value 2Pr. It turns out that it is improved 
remarkably. 

[0036] Here, the thickness dependency of the SBT film 6 of the property of this dielectric capacitor is 
considered. Drawing 2 is the thickness of the SBT film 6 when forming the amorphous film 4 as precursor 
film of SBT with a sol-gel spin coat method, and remanence value 2Pr. Relation, and thickness and 
coercive electric field 2EC of the SBT film 6 Relation is shown. When the thickness of the SBT film 6 is 
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50-llOnm from drawing 2 , it is 13-14microC/cm2. Remanence value 2Pr with high extent And coercive 
electric field 2EC with small 100 kV/cm extent It turns out that it is obtained, although the above is about 
the case where the precursor film of SBT is formed with a spin coat method - this 1st operation gestalt - 
like - the precursor film of SBT - MOCVD - when membranes are formed by law, even if the thickness of 
the SBT film 6 is about 40nm or less - good remanence value 2Pr And coercive electric field 2EC It is 
thought that it is obtained. Therefore, in this dielectric capacitor, although the thickness of the SBT film 6 
is usually chosen as 20nm or more 200nm or less, from a viewpoint which acquires a better property, it 
can be said that it is desirable to be referred to as 20nm or more lOOnm or less as for the thickness of this 
SBT film 6. Moreover, detailed ization of a component progresses further, and if it puts into a visual field 
that the operating voltage of a semiconductor device is reduced increasingly, it can be said to be more 
desirable [ the thickness of this SBT film 6 / being referred to as 30nm or more 80nm or less ]. 
[0037] As mentioned above, in case the dielectric capacitor using the SBT film as a dielectric film is 
manufactured according to this 1st operation gestalt Ir02 Sequential membrane formation of the 
amorphous film 4 as the lower electrode which consists of film 2 and Ir film 3, and precursor film of SBT, 
and the Pt film 5 as an up electrode is carried out. By carrying out patterning of these to the configuration 
of a dielectric capacitor by etching, and heat-treating the amorphous film 4 by which patterning was 
carried out after this to the configuration of a dielectric capacitor By carrying out the phase change of the 
amorphous phase in this amorphous film 4 to the crystal phase of the perovskite mold crystal structure, 
and trying obtaining the SBT film 6 as a dielectric film The crystal grain in the SBT film 6 finally 
obtained is remanence value 2Pr of the dielectric capacitor etching does not receive a damage and 
according to etching processing. Can prevent degradation effectively and it compares with the 
conventional technique. Remanence value 2Pr It has the advantage of being improved remarkably. By 
this, it is the area of a dielectric capacitor 10 micrometers 2 Even if it is the case where it reduces to below 
(this example 2micrometerx 2 micrometers), a dielectric capacitor with a good property is realizable. 
[0038] Drawing^ is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 2nd operation gestalt of this invention. 

[0039] In the manufacture approach of the dielectric capacitor by this 2nd operation gestalt, as shown in 
drawing 3 A, the same process is followed also in the 1st operation gestalt, and it is Ir02 on the Si 
substrate 1. Sequential membrane formation of the film 2, the Ir film 3, and the amorphous film 4 is 
carried out. 

[0040] next, the amorphous film 4 - for example, RTA (Rapid Thermal Annealing) - the phase change of 
the amorphous phase in this amorphous film 4 is carried out to a fluorite phase by heat-treating for 30 
seconds at 700-800 degrees C by law. This obtains the fluorite film 9 as precursor film of SBT which 
consists of Sr, Bi, Ta, and O on the Ir film 3, as shown in drawing 3 B. Here, the thickness of the fluorite 
film 9 is chosen as 150nm, and the range of an atomic composition ratio is chosen as 2.0 <=2Bi/Ta<=2.6 
and 0.6 <=2 Sr/Ta<=1.2. 

[0041] Next, as shown in drawing 3 C, the Ir film 10 as an up electrode is formed on condition that usual 
for example, by the sputtering method on this fluorite film 9. The thickness of this Ir film 10 is chosen as 
lOOnm. Next, the Ir film 10, the fluorite film 9, the Ir film 3, and Ir02 Patterning of the film 2 is carried 
out to the configuration of the dielectric capacitor of 2micrometerx2micrometer size for example, by the 
RIE method. 

[0042] Next, by heat-treating the fluorite film 9 by which did in this way and patterning was carried out 



21 



JP2000-236075A 



to the configuration of a dielectric capacitor at 750 degrees C in the oxygen ambient atmosphere of 
ordinary pressure for 1 hour for example, the phase change of the fluorite phase in this fluorite film 9 is 
carried out to the crystal phase of Bi system layer structure perovskite mold crystal structure, and the 
fluorite film 9 is crystallized. By this, as shown in drawing 3 D, the SBT film 6 is obtained between the Ir 
film 3 and the Ir film 10. This SBT film 6 consists of a ferroelectric of Bi system layer structure perovskite 
mold crystal structure expressed with empirical formula Bix Sry Ta2.0 Oz (however, 2.0<^x<=2.6, 
0.6<=y<=1.2, z= 9**d, 0<=d<=1.0). 

[0043] Next, as the 1st operation gestalt is shown in drawing 3 E according to the same process, the 
dielectric capacitor made into the purpose using the SBT film as a dielectric film is manufactured by 
forming an interlayer insulation film 7, contact hole 7a, and the drawer electrode 8. 

[0044] When the P V hysteresis was similarly measured in the 1st operation gestalt about the dielectric 
capacitor manufactured as mentioned above, it is remanence value 2Pr. It carries out and is 2Pr 
=10-25microC/cm2. The value was acquired. This 2Pr It is a value good as a dielectric capacitor using the 
SBT film, and was obtained by the measurement this [ whose ] let the Si substrate 1 pass. On the other 
hand, after crystallizing by heat-treating the fluorite film 9 like the conventional technique and obtaining 
the SBT film 6, The Ir film 10 is formed on this SBT film 6, and they are the next and Ir film 10, the SBT 
film 6, the Ir film 3, and Ir02. Were manufactured by carrying out patterning of the film 2 to the 
configuration of a dielectric capacitor by etching. Remanence value 2Pr of the dielectric capacitor of 
2micrometerx2micrometer size It was two or less lOmicroC/cm. From the above thing, it sets to the 
dielectric capacitor using the SBT film by applying the manufacture approach of the dielectric capacitor 
by this invention, and is remanence value 2Pr. It turns out that it is improved remarkably. 
[0045] As mentioned above, in case the dielectric capacitor using the SBT film as a dielectric film is 
manufactured according to this 2nd operation gestalt Ir02 as a lower electrode Sequential membrane 
formation of the fluorite film 9 as the film 2, the Ir film 3, and precursor film of SBT and the Ir film 10 as 
an up electrode is carried out. By heat-treating the fluorite film 9 by which patterning was carried out, 
after carrying out patterning of these to the configuration of a dielectric capacitor by etching By carrying 
out the phase change of the fluorite phase in this fluorite film 9 to the crystal phase of the perovskite 
mold crystal structure, and trying obtaining the SBT film 6 as a dielectric film, the same advantage as the 
1st operation gestalt can be acquired. 

[0046] Drawing 4 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 3rd operation gestalt of this invention. 

[0047] In the manufacture approach of the dielectric capacitor by this 3rd operation gestalt As shown in 
drawing 4 A, the same process is followed also in the 1st operation gestalt. It is Ir02 on the Si substrate 1. 
After carrying out sequential membrane formation of the amorphous film 4 as the lower electrode which 
consists of film 2 and Ir film 3, and precursor film of SBT, on this amorphous film 4 with for example, a 
CVD method The Ru film 11 of lOOnm of thickness is formed as an up electrode, and patterning of the Ru 
film 11 and the amorphous film 4 is carried out to the configuration of the dielectric capacitor of 
2micrometerx2micrometer size for example, by the RIE method. Next, it is Ta 205 as a protective coat for 
example, by the MOCVD method to the whole surface so that the side attachment wall of the Ru film 11 
by which patterning was carried out in this way to the configuration of a dielectric capacitor, and the 
amorphous film 4 may be covered. The film 12 is formed. This Ta 205 The thickness of the film 12 is 
chosen as 30nm. 
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[0048] Next, that side attachment wall is Ta 205 about the amorphous film 4 by which patterning was 
carried out in this way to the configuration of a dielectric capacitor. It is in the condition covered by the 
film 12, for example, by heat-treating at 750 degrees C in the oxygen ambient atmosphere of ordinary 
pressure for 1 hour for example, the phase change of the amorphous phase in the amorphous film 4 is 
carried out to the crystal phase of the perovskite mold crystal structure, and this amorphous film 4 is 
crystallized. By this, as shown in drawing 4 B, the SBT film 6 is obtained between the Ir film 3 and the Ru 
film 11. This SBT film 6 consists of a ferroelectric of Bi system layer structure perovskite mold crystal 
structure expressed with empirical formula Bix Sry Ta2.0 Oz (however, 2.0<=x<=2.6, 0.6<=y<=1.2, z= 
9**d, 0<=d<=1.0). 

[0049] Next, it is Ta 205 so that it may leave 20Ta5 film 12 to the side attachment wall of the Ru film 11 
and the SBT film 6, as shown in draw ing 4 C. The film 12, the Ir film 3, and Ir02 Patterning of the film 2 
is carried out to a predetermined configuration by etching. 

[0050] Next, as shown in drawing 4 D, an interlayer insulation film 7 is formed on the whole surface. Next, 
an interlayer insulation film 7 and Ta 205 Etching removal of the predetermined part on the Ru film 11 is 
carried out among film 12, and contact hole 7a is formed. Next, after forming aluminum alloy film for 
example, by the sputtering method on the whole surface, patterning of this aluminum alloy film is carried 
out to a predetermined configuration by etching, it is pulled out, and an electrode 8 is formed. 
[0051] The dielectric capacitor made into the purpose using the SBT film as a dielectric film according to 
the above process is manufactured. 

[0052] the time of the impression electric field of the value being 300kV/cm, when it pulls out with the Si 
substrate 1 of the dielectric capacitor manufactured as mentioned above, an electrical potential difference 
is impressed between electrodes 8 and leakage current is measured - 1x10 8 A/cm2 it was . This is a 
value good as a dielectric capacitor which used the SBT film, on the other hand, Ta 205 the time of the 
impression electric field of the leakage current of the dielectric capacitor which obtained the SBT film 6 
by heat-treating the amorphous film 4, without forming the film 12 being 300 kV/cm - 5x10 7 A/cm2 it 
was . From the above result, by applying the manufacture approach of the dielectric capacitor by this 
invention shows that the leak current characteristic of the dielectric capacitor using the SBT film is 
improved remarkably. 

[0053] As mentioned above, in case the dielectric capacitor using the SBT film is formed according to this 
3rd operation gestalt Ir02 Sequential formation of the amorphous film 4 as the lower electrode which 
consists of film 2 and Ir film 3, and precursor film of SBT, and the Ru film 11 as an up electrode is carried 
out. After carrying out patterning of the Ru film 11 and the amorphous film 4 to the configuration of a 
dielectric capacitor by etching, It is Ta 205 as a protective coat so that the side attachment wall of the Ru 
film 11 and the amorphous film 4 may be covered. By forming the film 12 Ir02 Since a specific metal can 
deposit on the side attachment wall of a dielectric capacitor in the time of etching of the lower electrode 
which consists of film 2 and Ir film 3, and the case of heat treatment performed after that or it can 
prevent that a conductive oxide is generated Degradation of the leak current characteristic of a dielectric 
capacitor can be prevented effectively, and it has the advantage that a leak current characteristic is 
improved remarkably, as compared with the former. 

[0054] Moreover, it is remanence value 2Pr like the 1st operation gestalt by trying obtaining the SBT film 
6 by heat treating this amorphous film 4 and crystallizing, after carrying out patterning of the 
amorphous film 4 as precursor film of SBT to the configuration of a dielectric capacitor according to this 
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3rd operation gestalt. The advantage of being improved can also be acquired. 

[0055] Therefore, according to this 3rd operation gestalt, it is the area of a dielectric capacitor 10 
micrometers 2 Even if it is the case where it considers as the following, while a dielectric capacitor with a 
good property is realizable, improvement in dependability can be aimed at. 

[0056] Drawing 5 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 4th operation gestalt of this invention. 

[0057] In the manufacture approach of the dielectric capacitor by this 4th operation gestalt The same 
process is followed also in the 2nd operation gestalt, and it is Ir02 as a lower electrode on the Si substrate 
1. After carrying out sequential membrane formation of the film 2, the Ir film 3, and the amorphous film 4, 
By heat-treating this amorphous film 4, the phase change of the amorphous phase is carried out to a 
fluorite phase, and the fluorite film 9 as precursor film of SBT is obtained. Next, after forming the Ir film 
10 as an up electrode on the fluorite film 9 according to the same process also in the 2nd operation gestalt, 
as shown in drawing 5 A, patterning of the Ir film 10 and the fluorite film 9 is carried out to the 
configuration of the dielectric capacitor of 2 micrometerx2 micrometer size for example, by the RIE method. 
Next, it is Ta 205 as a protective coat for example, by the MOCVD method to the whole surface so that 
the side attachment wall of the Ir film 10 by which patterning was carried out in this way to the 
configuration of a dielectric capacitor, and the fluorite film 9 may be covered. The film 12 is formed. This 
Ta 205 The thickness of the film 12 is chosen as 30nm. 

[0058] Next, when it can set in the 3rd operation gestalt, a side attachment wall is Ta 205 similarly. In 
the condition of having been covered by the film 12, by heat-treating the fluorite film 9 by which 
patterning was carried out to the configuration of a dielectric capacitor at 750 degrees C in the oxygen 
ambient atmosphere of ordinary pressure for 1 hour for example, the phase change of the fluorite phase in 
the fluorite film 9 is carried out to the crystal phase of the perovskite mold crystal structure, and this 
fluorite film 9 is crystallized. By this, the SBT film 6 is obtained between the Ir film 3 and the Ir film 10 
like to drawing 5 B. This SBT film 6 consists of a ferroelectric of Bi system layer structure perovskite 
mold crystal structure expressed with empirical formula Bix Sry Ta2.0 Oz (however, 2.0<=x<=2.6, 
0.6<=y<=1.2, z= 9**d, 0<=d<=1.0). 

[0059] Next, as shown in drawing 5 C, it is Ta 205 to the side attachment wall of the Ir film 10 and the 
fluorite film 9. It is Ta 205 so that it may leave the film 12. The film 12, the Ir film 3, and Ir02 Patterning 
of the film 2 is carried out to a predetermined configuration by etching. 

[0060] Next, as the 3rd operation gestalt is shown in drawing 5 D according to the same process, the 
dielectric capacitor made into the purpose using the SBT film as a dielectric film is manufactured by 
forming an interlayer insulation film 7, contact hole 7a, and the drawer wiring 8. 

[0061] the time of the impression electric field of the value being 300kV/cm, when leakage current is 
similarly measured in the 3rd operation gestalt about the dielectric capacitor manufactured as mentioned 
above - 1x10*8 A/cm2 it was . on the other hand, Ta 205 the time of the impression electric field of the 
leakage current of the dielectric capacitor which obtained the SBT film 6 by heat-treating the fluorite film 
9, without forming the film 12 being 300 kV/cm - 5xl0~7 A/cm2 it was . From the above result, by 
applying the manufacture approach of the dielectric capacitor by this invention shows that the leak 
current characteristic of the dielectric capacitor using the SBT film is improved remarkably. 
[0062] According to this 4th operation gestalt, in case the dielectric capacitor using the SBT film as a 
dielectric film is manufactured, when carrying out the phase change of the fluorite phase to Bi system 
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layer structure perovskite mold crystal structure and obtaining the SBT film, the same effectiveness as 
the 3rd operation gestalt can be acquired. 

[0063] Next, the 5th of this invention and the 6th operation gestalt which applied the manufacture 
approach of the dielectric capacitor by this invention to manufacture of the dielectric capacitor using the 
PZT film as a dielectric film are explained. In addition, in the complete diagram of the 5th and 6th 
operation gestalten, the sign identically same into a corresponding part is attached. 

[0064] Drawing 6 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 5th operation gestalt of this invention. 

[0065] In the manufacture approach of the dielectric capacitor by this 5th operation gestalt, as shown in 
drawing 6 A, it is the usual conditions for example, by the sputtering method on the conductive Si 
substrate 21, and it is Ir02 as a lower electrode. Sequential membrane formation of the film 22 and the Ir 
film 23 is carried out. Here, it is Ir02. The thickness of the film 22 is chosen as lOOnm, and the thickness 
of the Ir film 23 is chosen as lOOnm. 

[0066] next, the Ir film 23 top " MOCVD " the amorphous film 24 as precursor film of PZT which consists 
of Pb, Zr, Ti, and O which are the configuration element of the PZT film finally obtained by law is formed. 
The Si substrate 21 which even the Ir film 23 formed is specifically installed on the susceptor of the 
reaction chamber (membrane formation room) of the MOCVD system which carried out the illustration 
abbreviation, and it heats and holds in substrate temperature of 400-650 degrees C. And Pb (DPM)2 and 
Zr2 (DPM) And Ti(i OC three H7)2 2 (DPM) What mixed each organic metal raw material to the 
predetermined presentation ratio is made to evaporate. And after setting up so that the gas obtained by 
this may be mixed with argon carrier gas and those total flow may be set to 1000SCCM(s), and mixing 
with the oxygen gas of flow rate 1000SCCM just before a reaction chamber, it introduces into a reaction 
chamber by making this mixed gas into material gas, and membranes are formed by the 
reagent-gas-pressure force of 0.1 - 50Torr. The amorphous film 24 as precursor film of PZT is formed by 
this. The thickness of this amorphous film 24 is chosen as 150nm, and the range of an atomic composition 
ratio is chosen as 0.1 <=Zr/Pb<=0.6 and 0.4 <=Ti/Pb<=0.9. 

[0067] Next, the Ir film 25 as an up electrode is formed on condition that usual for example, by the 
sputtering method on this amorphous film 24. The thickness of this Ir film 25 is chosen as lOOnm. 
[0068] Next, as shown in d rawin g 6 B, they are the Ir film 25, the amorphous film 24, the Ir film 23, and 
Ir02. Patterning of the film 22 is carried out to the configuration of the dielectric capacitor of 
2micrometerx2micrometer size for example, by the RIE method. 

[0069] Next, by heat-treating the amorphous film 24 by which did in this way and patterning was carried 
out to the configuration of a dielectric capacitor for 30 minutes at 650 degrees C in the oxygen ambient 
atmosphere of ordinary pressure for example, the phase change of the amorphous phase in the 
amorphous film 24 is carried out to the crystal phase of the perovskite mold crystal structure, and this 
amorphous film 24 is crystallized. By this, as shown in drawing 6 C, the PZT film 26 is obtained between 
the Ir film 23 and the Ir film 25. This PZT film 26 consists of a ferroelectric of the perovskite mold crystal 
structure expressed with empirical formula Pbl.O 1.0 (Zrx Ti 1-x) 03 (however, 0.1<=x<-0.6). 
[0070] Next, as shown in d rawing 6 D, an interlayer insulation film 27 is formed in the whole surface. 
Next, etching removal of the predetermined part on the Ir film 25 is carried out among this interlayer 
insulation film 27, and contact hole 27a is formed. Next, after forming aluminum alloy film for example, 
by the sputtering method on the whole surface, patterning of this aluminum alloy film is carried out to a 
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predetermined configuration by etching, it is pulled out, and an electrode 28 is formed. 

[0071] The dielectric capacitor made into the purpose using the PZT film as a dielectric film according to 

the above process is manufactured. 

[0072] When it pulled out with the Si substrate 21 of the dielectric capacitor manufactured as mentioned 
above, the electrical potential difference was impressed between electrodes 28 and the P V hysteresis was 
measured, it is remanence value 2Pr. It carries out and is 2Pr =20-60microC/cm2. The value was acquired. 
This 2Pr It is a value good as a dielectric capacitor using the PZT film, and was obtained by the 
measurement this [ whose ] let the Si substrate 21 pass. On the other hand, after crystallizing by 
heat-treating the amorphous film 24 like the conventional technique and obtaining the PZT film 26, The 
Ir film 25 is formed on this PZT film 26, and they are the next and Ir film 25, the PZT film 26, the Ir film 
23, and Ir02. Were manufactured by carrying out patterning of the film 22 to the configuration of a 
dielectric capacitor by etching. Remanence value 2Pr of the dielectric capacitor of 
2micrometerx2micrometer size 10microC/cm2 It was the following. From the above thing, it sets to the 
dielectric capacitor using the PZT film by applying the manufacture approach of the dielectric capacitor 
by this invention, and is remanence value 2Pr. It turns out that it is improved remarkably. 
[0073] According to this 5th operation gestalt, when manufacturing the dielectric capacitor using the PZT 
film as a dielectric film, the same effectiveness as the 1st operation gestalt can be acquired, 
f 00741 Drawing 7 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 6th operation gestalt of this invention. 

[0075] In the manufacture approach of the dielectric capacitor by this 6th operation gestalt The same 
process is followed also in the 5th operation gestalt. On the Si substrate 21 Ir02 as a lower electrode After 
carrying out sequential membrane formation of the amorphous film 24 as the film 22, the Ir film 23, and 
precursor film of PZT, and the Ir film 25 as an up electrode, as shown in drawing 7 A Patterning of the Ir 
film 25 and the amorphous film 24 is carried out to the configuration of the dielectric capacitor of 
2micrometerx2micrometer size for example, by the RIE method. Next, it is Y2 03 as a protective coat for 
example, by the MOCVD method to the whole surface so that the side attachment wall of the Ir film 25 by 
which patterning was carried out in this way to the configuration of a dielectric capacitor, and the 
amorphous film 24 may be covered. The film 29 is formed. This Y2 03 The thickness of the film 29 is 
chosen as 30nm. 

[0076] Next, a side attachment wall is Y2 03 in this way. In the condition of having been covered by the 
film 29, by heat-treating the amorphous film 24 by which patterning was carried out to the configuration 
of a dielectric capacitor at 750 degrees C in the oxygen ambient atmosphere of ordinary pressure for 1 
hour for example, the phase change of the amorphous phase in the amorphous film 24 is carried out to the 
crystal phase of the perovskite mold crystal structure, and this amorphous film 24 is crystallized. By this, 
as shown in drawing 7 B, the PZT film 26 is obtained between the Ir film 23 and the Ir film 25. This PZT 
film 26 consists of a ferroelectric of the perovskite mold crystal structure expressed with empirical 
formula Pbl.O 1.0 (Zrx Ti lx) 03 (however, 0.1<=x<=0.6). 

[0077] Next, it is Y2 03 so that it may leave 20Y3 film 29 to the side attachment wall of the Ir film 25 and 
the PZT film 26, as shown in drawing 7 C. The film 29, the Ir film 23, and Ir02 Patterning of the film 22 
is carried out to a predetermined configuration by etching. 

[0078] Next, as shown in d raw ing 7 D, an interlayer insulation film 27 is formed on the whole surface. 
Next, an interlayer insulation film 27 and Y2 03 Etching removal of the predetermined part on the Ir film 
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25 is carried out among film 29, and contact hole 27a is formed. Next, after forming aluminum alloy film 
for example, by the sputtering method on the whole surface, patterning of this aluminum alloy film is 
carried out to a predetermined configuration by etching, it is pulled out, and an electrode 28 is formed. 
[0079] The dielectric capacitor made into the purpose using the PZT film as a dielectric film according to 
the above process is manufactured. 

[0080] the time of the impression electric field of the value being 300kV/cm, when it pulls out with the Si 
substrate 21 of the dielectric capacitor manufactured as mentioned above, an electrical potential 
difference is impressed between electrodes 18 and leakage current is measured ~ 1x10-8 A/cm2 it was . 
This is a value good as a dielectric capacitor which used the PZT film. Y2 03 [ on the other hand, ] the 
time of the impression electric field of the leakage current of the dielectric capacitor which obtained the 
PZT film 26 by heat-treating the amorphous film 24, without forming the film 29 being 300 kV/cm - 
5x10-7 A/cm2 it was . From the above result, by applying the manufacture approach of the dielectric 
capacitor by this invention shows that the leak current characteristic of the dielectric capacitor using the 
PZT film is improved remarkably. 

[0081] According to this 6th operation gestalt, when manufacturing the dielectric capacitor using the PZT 
film as a dielectric film, the same effectiveness as the 3rd operation gestalt can be acquired. 
[0082] Next, the 7th of this invention and the 8th operation gestalt which applied the manufacture 
approach of the dielectric capacitor by this invention to manufacture of the dielectric capacitor using the 
PNZT film as a dielectric film are explained. In addition, in the complete diagram of the 7th and 8th 
operation gestalten, the sign identically same into a corresponding part is attached. 

[0083] Drawing 8 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 7th operation gestalt of this invention. 

[0084] In the manufacture approach of the dielectric capacitor by this 7th operation gestalt, as shown in 
drawing 8 A, it is the usual conditions for example, by the sputtering method on the conductive Si 
substrate 31, and it is Ir02 as a lower electrode. Sequential membrane formation of the film 32 and the Ir 
film 33 is carried out. Here, it is Ir02. The thickness of the film 32 is chosen as lOOnm, and the thickness 
of the Ir film 33 is chosen as 200nm. 

[0085] Next, the amorphous film 34 as precursor film of PNZT which consists of Pb, Zr, Ti, Nb, and O 
which are the configuration element of the PNZT film finally obtained is formed with a sol-gel spin coat 
method on the Ir film 33. The thickness of this amorphous film 34 is chosen as 150nm, and the range of an 
atomic composition ratio is chosen as 0.1 <=Zr/Pb<=0.6, 0.4 <=Ti/Pb<=0.9, and 0.03 <=Nb/Pb<=0.3. 
[0086] Next, the Ir film 35 as an up electrode is formed on condition that usual for example, by the 
sputtering method on this amorphous film 34. The thickness of this Ir film 35 is chosen as lOOnm. 
[0087] Next, as shown in drawing 8 B, they are the Ir film 35, the amorphous film 34, the Ir film 33, and 
Ir02. Patterning of the film 32 is carried out to the configuration of the dielectric capacitor of 
2micrometerx2micrometer size for example, by the RIE method. 

[0088] Next, by heat-treating the amorphous film 34 after doing in this way and carrying out patterning 
to the configuration of a dielectric capacitor for 30 minutes at 650 degrees C in the oxygen ambient 
atmosphere of ordinary pressure for example, the phase change of the amorphous phase in the 
amorphous film 34 is carried out to the crystal phase of the perovskite mold crystal structure, and this 
amorphous film 34 is crystallized. By this, as shown in drawin g 8 C, the PNZT film 36 is obtained 
between the Ir film 33 and the Ir film 35. This PNZT film 36 consists of a ferroelectric of the perovskite 
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mold crystal structure expressed with empirical formula Pbl.O y Nby 1.0 (ZrxTi l x)03 (however, 
0.1<=x<=0.6, 0.03<=y<=0.30X 

[0089] Next, as shown in drawing 8 D, an interlayer insulation film 37 is formed in the whole surface. 
Next, etching removal of the predetermined part on the Ir film 34 is carried out among this interlayer 
insulation film 37, and contact hole 37a is formed. Next, after forming aluminum alloy film for example, 
by the sputtering method on the whole surface, patterning of this aluminum alloy film is carried out to a 
predetermined configuration by etching, it is pulled out, and an electrode 38 is formed. 

[0090] The dielectric capacitor made into the purpose using the PNZT film as a dielectric film according to 
the above process is manufactured. 

[0091] When it pulled out with the Si substrate 31 of the dielectric capacitor manufactured as mentioned 
above, the electrical potential difference was impressed between electrodes 38 and the PV hysteresis was 
measured, it is remanence value 2Pr. It carries out and is 2Pr =10"50microC/cm2. The value was acquired. 
This 2Pr It is a value good as a dielectric capacitor using the PNZT film, and was obtained by the 
measurement this [ whose ] let the Si substrate 31 pass. On the other hand, after crystallizing by 
heat-treating the amorphous film 34 like the conventional technique and obtaining the PNZT film 36, The 
Ir film 35 is formed on this PNZT film 36, and they are the next and Ir film 35, the PNZT film 36, the Ir 
film 33, and Ir02. Were manufactured by carrying out patterning of the film 32 to the configuration of a 
dielectric capacitor by etching. Remanence value 2Pr of the dielectric capacitor of 
2micrometerx2micrometer size 10microC/cm2 It was the following. From the above thing, it sets to the 
dielectric capacitor using the PNZT film by applying the manufacture approach of the dielectric capacitor 
by this invention, and is remanence value 2Pr. It turns out that it is improved remarkably. 
[0092] According to this 7th operation gestalt, when manufacturing the dielectric capacitor using the 
PNZT film as a dielectric film, the same effectiveness as the 1st operation gestalt can be acquired. 
[0093] Draw ing 9 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 8th operation gestalt of this invention. 

[0094] In the manufacture approach of the dielectric capacitor by this 8th operation gestalt As shown in 
drawing 9 A, the same process is followed also in the 7th operation gestalt. On the Si substrate 31, it is 
Ir02 as a lower electrode. After carrying out sequential membrane formation of the amorphous film 34 as 
the film 32, the Ir film 33, and precursor film of PNZT, and the Ir film 35 as an up electrode, Patterning of 
the Ir film 35 and the amorphous film 34 is carried out to the configuration of the dielectric capacitor of 
2micrometerx2micrometer size for example, by the RIE method. Next, it is Y2 03 as a protective coat for 
example, by the MOCVD method to the whole surface so that the side attachment wall of the Ir film 35 by 
which patterning was carried out in this way to the configuration of a dielectric capacitor, and the 
amorphous film 34 may be covered. The film 39 is formed. This Y2 03 The thickness of the film 39 is 
chosen as 30nm. 

[0095] Next, that side attachment wall is the amorphous film 34 by which patterning was carried out in 
this way to the configuration of a dielectric capacitor Y2 03 It is in the condition covered by the film 39, 
for example, by heat-treating for 30 minutes at 650 degrees C in the oxygen ambient atmosphere of 
ordinary pressure for example, the phase change of the amorphous phase in the amorphous film 34 is 
carried out to the crystal phase of the perovskite mold crystal structure, and this amorphous film 34 is 
crystallized. By this, as shown in drawing 9 B, the PNZT film 36 is obtained between the Ir film 33 and 
the Ir film 35. This PNZT film 36 consists of a ferroelectric of the perovskite mold crystal structure 
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expressed with empirical formula PbLO y Nby 1.0 (Zrx Ti l-x)03 (however, 0.1<=x<=0.6, 0.03<=y<=0.30). 
[0096] Next, as shown in drawing 9 C, it is Y2 03 to the side attachment wall of the Ir film 35 and the 
PNZT film 36. It is Y2 03 so that it may leave the film 39. The film 39, the Ir film 33, and Ir02 Patterning 
of the film 32 is carried out to a predetermined configuration by etching. 

[0097] Next, as shown in drawing 9 D, an interlayer insulation film 37 is formed on the whole surface. 
Next, an interlayer insulation film 37 and Y2 03 Etching removal of the predetermined part on the Ir film 
35 is carried out among film 39, and contact hole 37a is formed. Next, after forming aluminum alloy film 
for example, by the sputtering method on the whole surface, patterning of this aluminum alloy film is 
carried out to a predetermined configuration by etching, it is pulled out, and an electrode 38 is formed. 
[0098] The dielectric capacitor made into the purpose using the PNZT film as a dielectric film according to 
the above process is manufactured. 

[0099] the time of the impression electric field of the value being 300kV, when it pulls out with the Si 
substrate 31 of the dielectric capacitor manufactured as mentioned above, an electrical potential 
difference is impressed between electrodes 38 and leakage current is measured - 1x10-8 A/cm2 it was . 
This value is a value good as a dielectric capacitor which used the PNZT film. Y2 03 [ on the other hand, ] 
the time of the impression electric field of the leakage current of the dielectric capacitor which obtained 
the PNZT film 36 by heat-treating the amorphous film 34, without forming the film 39 being 300 kV/cm - 
1x10-6 A/cm2 it was . From the above result, by applying the manufacture approach of the dielectric 
capacitor by this invention shows that the leak current characteristic of the dielectric capacitor using the 
PNZT film is improved remarkably. 

[0100] According to this 8th operation gestalt, when manufacturing the dielectric capacitor using the 
PNZT film as a dielectric film, the same effectiveness as the 3rd operation gestalt can be acquired. 
[0101] Next, the 9th of this invention and the 10th operation gestalt which applied the manufacture 
approach of the dielectric capacitor by this invention to manufacture of the dielectric capacitor using the 
BST film as a dielectric film are explained. In addition, in the complete diagram of the 9th and 10th 
operation gestalten, the sign identically same into a corresponding part is attached. 

[0102] Drawing 10 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 9th operation gestalt of this invention. 

[0103] In the manufacture approach of the dielectric capacitor by this 9th operation gestalt, as shown in 
drawing 10 A, it is the usual conditions for example, by the sputtering method on the conductive Si 
substrate 41, and they are the Ti film 42 as a lower electrode, the TiN film 43, and Ru02. Sequential 
membrane formation of the film 44 is carried out. The thickness of the Ti film 42 is chosen as 30nm, the 
thickness of the TiN film 43 is chosen as 50nm here, and it is Ru02. The thickness of the film 44 is chosen 
as lOOnm. 

[0104] next, Ru02 a film 44 top - for example, MOCVD - the amorphous film 45 as precursor film of BST 
which consists of Ba, Sr, Ti, and O which are the configuration element of the BST film finally obtained by 
law is formed. Specifically, it is Ru02. The Si substrate 41 which even the film 44 formed is installed on 
the susceptor of the reaction chamber (membrane formation room) of the MOCVD system which carried 
out the illustration abbreviation, and it heats and holds in substrate temperature of 300-500 degrees C. 
And Ba (DPM)2 and Sr2 (DPM) And Ti(rOC three H7)2 2 (DPM) What mixed each organic metal raw 
material to the predetermined presentation ratio is made to evaporate. And after setting up so that the 
gas obtained by this may be mixed with argon carrier gas and those total flow may be set to 1000SCCM(s), 
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and mixing with the oxygen gas of flow rate 1000SCCM just before a reaction chamber, it introduces into 
a reaction chamber by making this mixed gas into material gas, and membranes are formed by the 
pressure of 0.1 - 50Torr. The amorphous film 45 as precursor film of BST is formed by this. The thickness 
of this amorphous film 45 is chosen as 50nm, and the range of an atomic composition ratio is chosen as 0 
<=Sr/Ti<=1.0 and 0 <=Ba/Ti<=1.0. 

[0105] Next, the Ru film 46 as an up electrode is formed on condition that usual with a CVD method on 
this amorphous film 45. The thickness of this Ru film 46 is chosen as 50nm. 

[0106] Next, as shown in drawing 10 B, they are the Ti film 42, the TiN film 43, and Ru02. Patterning of 
the film 44, the amorphous film 45, and the Ru film 46 is carried out to the configuration of the dielectric 
capacitor of lmicrometerxl micrometer size for example, by the RIE method. 

[0107] next, the amorphous film 45 after doing in this way and carrying out patterning to the 
configuration of a dielectric capacitor - for example, the inside of the oxygen ambient atmosphere of 
ordinary pressure - setting ■■ for example, RTA - after heat-treating for 30 seconds at 700 degrees C by 
law, by heat-treating for 30 minutes at 600 degrees C in the oxygen ambient atmosphere of ordinary 
pressure for example, the phase change of the amorphous phase in the amorphous film 45 is carried out to 
the crystal phase of the perovskite mold crystal structure, and this amorphous film 45 is crystallized. It is 
Ru02 as this shows to drawing 10 C. The BST film 47 is obtained between the film 44 and the Ru film 46. 
This BST film 47 consists of a high dielectric of the perovskite mold crystal structure expressed with 
empirical formula (BaxSr lx) 1.0 Ti 1.0O3 (however, 0<=x<=1.0). 

[0108] Next, as shown in drawing 10 D, an interlayer insulation film 48 is formed in the whole surface. 
Next, etching removal of the predetermined part on the Ru film 46 is carried out among this interlayer 
insulation film 48, and contact hole 48a is formed. Next, after forming aluminum alloy film for example, 
by the sputtering method on the whole surface, patterning of this aluminum alloy film is carried out to a 
predetermined configuration by etching, it is pulled out, and an electrode 49 is formed. 
[0109] The dielectric capacitor made into the purpose using the BST film as a dielectric film according to 
the above process is manufactured. 

[0110] When the dielectric constant epsilon of the BST film 47 in the dielectric capacitor manufactured as 
mentioned above was measured, the value of epsilon=80"180 was acquired. This epsilon is a value good as 
BST film. On the other hand, after crystallizing by heat-treating the amorphous film 45 like the 
conventional technique and obtaining the BST film 47, The Ru film 46 is formed on this BST film 47, and 
they are the next and Ru film 46, the BST film 47, and Ru02. Were manufactured by carrying out 
patterning of the film 44, the TiN film 43, and the Ti film 42 to the configuration of a dielectric capacitor 
by etching. The dielectric constant epsilon of the BST film 47 in the dielectric capacitor of 
lmicrometerxlmicrometer size was 50 or less. The above thing shows that the dielectric constant epsilon 
of the BST film is remarkably improved in the dielectric capacitor using the BST film by applying the 
manufacture approach of the dielectric capacitor by this invention. 

[01 11] According to this 9th operation gestalt, when manufacturing the dielectric capacitor using the BST 
film as a dielectric film, the same advantage as the 1st operation gestalt can be acquired. 
[0112] Drawing 11 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 10th operation gestalt of this invention. 

10113] In the manufacture approach of the dielectric capacitor by this 10th operation gestalt As shown in 
drawing 11 A, the same process is followed also in the 9th operation gestalt. On the Si substrate 41, it is 
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the Ti film 42, the TiN film 43, and Ru02 as a lower electrode. After carrying out sequential membrane 
formation of the amorphous film 45 as the film 44 and precursor film of BST, and the Ru film 46 as an up 
electrode, Patterning of the Ru film 46 and the amorphous film 45 is carried out to the configuration of 
the dielectric capacitor of Imicrometerxl micrometer size for example, by the RIE method. In addition, the 
thickness of the amorphous film 45 is chosen as lOOnm in this case, and the thickness of the Ru film 46 is 
chosen as lOOnm. Next, it is Y2 03 as a protective coat for example, by the MOCVD method to the whole 
surface so that the side attachment wall of the Ru film 46 by which patterning was carried out in this way 
to the configuration of a dielectric capacitor, and the amorphous film 45 may be covered. The film 50 is 
formed. This Y2 03 The thickness of the film 50 is chosen as 30nm. 

[0114] Next, the side attachment wall is the amorphous film 45 by which patterning was carried out in 
this way to the configuration of a dielectric capacitor Y2 03 In the condition of having been covered by the 
film 50 It is under [ oxygen ambient atmosphere / of the ordinary pressure after heat-treating for 30 
seconds at 700 degrees C by law ] setting, for example, the inside of the oxygen ambient atmosphere of 
ordinary pressure - setting - for example, RTA - For example, by heat-treating for 30 minutes at 600 
degrees C, the phase change of the amorphous phase in the amorphous film 45 is carried out to the crystal 
phase of the perovskite mold crystal structure, and this amorphous film 45 is crystallized. It is Ru02 as 
this shows to drawing 11 B. The BST film 47 is obtained between the film 44 and the Ru film 46. This BST 
film 47 consists of a high dielectric of the perovskite mold crystal structure expressed with empirical 
formula (Bax Sr l x) 1.0 Ti 1.0O3 (however, 0<=x<=1.0). 

[0115] Next, as shown in drawing 11 C, it is Y2 03 to the side attachment wall of the Ru film 46 and the 
BST film 45. It is Y2 03 so that it may leave the film 50. The film 50 and Ru02 Patterning of the film 44, 
the TiN film 43, and the Ti film 42 is carried out to a predetermined configuration by etching. 
[0116] Next, as shown in drawing 11 D, an interlayer insulation film 48 is formed on the whole surface. 
Next, an interlayer insulation film 48 and Y2 03 Etching removal of the predetermined part on the Ru 
film 46 is carried out among film 50, and contact hole 48a is formed. Next, after forming aluminum alloy 
film for example, by the sputtering method on the whole surface, patterning of this aluminum alloy film is 
carried out to a predetermined configuration by etching, it is pulled out, and an electrode 49 is formed. 
[0117] The dielectric capacitor made into the purpose using the BST film as a dielectric film according to 
the above process is manufactured. 

[0118] the time of the impression electric field of the value being 300kV/cm, when it pulls out with the Si 
substrate 41 of the dielectric capacitor manufactured as mentioned above, an electrical potential 
difference is impressed between electrodes 49 and leakage current is measured - 5xl0"9 A/cm2 it was . 
This value is a value good as a dielectric capacitor which used the BST film. Y2 03 [ on the other hand, ] 
the time of the impression electric field of the leakage current of the dielectric capacitor which obtained 
the BST film 47 by heat-treating the amorphous film 45, without forming the film 50 being 300 kV/cm - 
1x10-7 A/cm2 it was . From the above result, by applying the manufacture approach of the dielectric 
capacitor by this invention shows that the leak current characteristic of the dielectric capacitor using the 
BST film is improved remarkably. 

[0119] According to this 10th operation gestalt, when manufacturing the dielectric capacitor using the 
BST film as a dielectric film, the same effectiveness as the 3rd operation gestalt can be acquired. 
[0120] next, the 11" of this invention which applied the manufacture approach of the dielectric capacitor 
by this invention to manufacture of the dielectric capacitor using the SBTT film as a dielectric film - the 
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17th operation gestalt is explained, in addition, the 11- in the complete diagram of the 17th operation 
gestalt, the sign identically same into a corresponding part is attached. 

[0121] Drawing 12 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 11th operation gestalt of this invention. 

[0122] As the manufacture approach of the dielectric capacitor by this 11th operation gestalt is shown in 
drawing 12 A, it is Si02 of 300nm of thickness for example, by the oxidizing [ thermally ] method on the 
conductive Si substrate 51. After forming the film 52, on this, for example, by the sputtering method, it is 
the usual conditions and sequential membrane formation of the Ti film 53 and the Pt film 54 as a lower 
electrode is carried out. Here, the thickness of the Ti film 53 is chosen as 30nm, and the thickness of the 
Pt film 54 is chosen as 200nm. 

[0123] next, the Pt film 54 top - for example, MOCVD - the fluorite film 55 as precursor film of SBTT 
which consists of Bi, Sr, Ta, Ti, and O which are the configuration element of the SBTT film finally 
obtained by law is formed. The Si substrate 51 which even the Pt film 54 formed is specifically installed 
on the susceptor of the reaction chamber (membrane formation room) of the MOCVD system which 
carried out the illustration abbreviation, and it heats and holds in substrate temperature of 400-650 
degrees C. And Bi (o-C seven H7)3, Sr (THD)2, and Ta (i OC three H7)5, Ti4 (iOC three H7) Each organic 
metal raw material is mixed with the argon carrier gas of flow rate 200SCCM, 220SCCM, 50SCCM, and 
30SCCM, respectively. Furthermore, after mixing with the oxygen gas of flow rate 500SCCM just before a 
reaction chamber, it introduces into a reaction chamber by making this mixed gas into material gas, and 
membranes are formed by the reagent- gas-pressure force of 1 - lOTorr. The fluorite film 55 as precursor 
film of SBTT is formed by this. The thickness of this fluorite film 55 is chosen as 200nm. moreover, the 
range of the atomic composition ratio of this fluorite film 55 - for example, 0.6<=2Sr/Ta<= - 1.2, 1.7 
<=2Bi/Ta<=2.5, and 0<2 Ti/Ta<=1.0 - it is suitably chosen as 0.7 <=2 Sr/Ta<=1.0, 2.0 <=2Bi/Ta<=2.4, and 
0.01 <=2 Ti/Ta<=1.0, and is chosen as 0.1 <=2 Ti/Ta<=1.0 more suitably about 2 Ti/Ta. 

[0124] Next, the Pt film 56 as an up electrode is formed on condition that usual for example, by the 
sputtering method on this fluorite film 55. The thickness of this Pt film 56 is chosen as lOOnm. 
[0125] Next, as shown in drawing 12 B, patterning of the Pt film 56, the fluorite film 55, the Pt film 54, 
and the Ti film 53 is carried out to the configuration of the dielectric capacitor of 
2micrometerx2micrometer size for example, by the RIE method. 

[0126] Next, by heat-treating the fluorite film 55 after doing in this way and carrying out patterning to 
the configuration of a dielectric capacitor at 750 degrees C in the oxygen ambient atmosphere of ordinary 
pressure for 1 hour for example, the phase change of the fluorite phase in the fluorite film 55 is carried 
out to the crystal phase of the perovskite mold crystal structure, and this fluorite film 55 is crystallized. 
By this, as shown in drawing 12 C, the SBTT film 57 is obtained between the Pt film 54 and the Pt film 56. 
This SBTT film 57 Empirical formula Srx Biy Ta2.0 TizOw 0.6<=x<=1.2, 1.7<=y<=2.5, 0< z<=1.0, w= 9**d, 
and 0<=d<=1.0 - suitably [ however, ] 0.7<=x<=1.0, 2.0<=y<=2.4, 0.01<=z<=1.0, w= 9**d, and 0<=d<=1.0 
- more suitably It consists of a ferroelectric of 0.7<=x<=1.0, 2.0<=y<=2.4, 0.1<=z<=1.0, w= 9**d, and Bi 
system layer structure perovskite mold crystal structure expressed with 0< : =d< : =1.0. 

[0127] Next, as shown in drawing 12 D, an interlayer insulation film 58 is formed in the whole surface. 
Next, etching removal of the predetermined part on the Pt film 56 is carried out among this interlayer 
insulation film 58, and contact hole 58a is formed. Next, after forming aluminum alloy film for example, 
by the sputtering method on the whole surface, patterning of this aluminum alloy film is carried out to a 
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predetermined configuration by etching, it is pulled out, and an electrode 59 is formed. 

[0128] The dielectric capacitor made into the purpose using the SBTT film as a dielectric film according to 

the above process is manufactured. 

[0129] When it pulled out with the Si substrate 51 of the dielectric capacitor manufactured as mentioned 
above, the electrical potential difference was impressed between electrodes 59 and the P-V hysteresis was 
measured, it is remanence value 2Pr. It carries out and is 2Pr =10"20microC/cm2. A value is acquired and 
it is coercive electric field 2EC. It carried out and the value of 2EC =100 - 150 kV/cm was acquired. These 
2Pr And 2EC It is a value good as a dielectric capacitor using the SBTT film, and was obtained by the 
measurement this [ whose ] let the Si substrate 51 pass. On the other hand, after crystallizing by 
heat-treating the fluorite film 55 like the conventional technique and obtaining the SBTT film 57, Formed 
the Pt film 56 on this SBTT film 57, and were manufactured by carrying out patterning of the Pt film 56, 
the SBTT film 57, the Pt film 54, and the Ti film 53 to the configuration of a dielectric capacitor by etching 
after this. Remanence value 2Pr of the dielectric capacitor of 2micrometerx2micrometer size 
10microC/cm2 It is the following and is coercive electric field 2EC. They were 150 or more kV/cm. From 
the above thing, it sets to the dielectric capacitor using the SBTT film by applying the manufacture 
approach of the dielectric capacitor by this invention, and is remanence value 2Pr. And coercive electric 
field 2EC It turns out that it is improved remarkably. 

[0130] Moreover, in this dielectric capacitor, it is characteristic to use the SBTT film which contains Ti in 
a configuration element as a dielectric film. Drawing 13 is remanence value 2Pr of the dielectric capacitor 
of the same structure, if shown in drawing 12 D. And coercive electric field 2EC Ti addition dependency is 
shown. However, the SBTT film (strictly that precursor film) was produced with the sol- gel spin coat 
method in this case. In drawing 15 , an axis of abscissa shows the presentation ratio (it displays by the 
mole ratio in a raw material solution) of Ti, and an axis of ordinate shows remanence value 2Pr and 
(muC/cm2) coercive electric field 2EC (kV/cm). He is trying to obtain the SBTT film after membrane 
formation of the precursor film of the SBTT film by heat-treating at 750 degrees C or 800 degrees C in an 
ordinary pressure oxygen ambient atmosphere for 1 hour, and heat-treating for 10 minutes at 750 degrees 
C or 800 degrees C in an oxygen ambient atmosphere after up electrode formation and patterning further 
before formation of an up electrode at the time of production of the sample used for this measurement. As 
SBTT film, the presentation ratio z of Ti was changed for every sample using what is expressed with 
empirical formula Sr0.8 Bi2.4 Ta2.0 Tiz Ow (however, w= 9**d, 0<=d<=1.0). Moreover, Si02 In the 
thickness of 30nm and the Pt film 54, the thickness of 200nm and the SBTT film 57 set [ the thickness of 
the film 52 / the thickness of 300nm and the Ti film 53 ] thickness of 150nm and the Pt film 56 to 200nm. 
From drawing 13 , it is remanence value 2Pr. And coercive electric field 2EC It turns out that effect is 
hardly received in the addition of Ti in the SBTT film. Good remanence value 2Pr which in other words is 
equal in the dielectric capacitor using the SBTT film compared with the dielectric capacitor with which 
the presentation ratio z of Ti used the SBT film (in the case of z= 0) in 0< z<-1.0 And coercive electric field 
2EC It turns out that a value is acquired. 

[0131] When drawing 14 is shown in drawing 12 D, it shows the measurement result of the leak current 
density when changing the addition of Ti in the SBTT film in the dielectric capacitor of the same 
structure. In drawing 14 , an axis of abscissa shows applied voltage (V), and an axis of ordinate shows 
leak current density (A/cm2). It turns out that the leak current density at the time of high electric field is 
especially reduced from drawing 14 for the sample using the SBTT film which added Ti rather than the 
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sample using the SBT film Ti additive free [ as a dielectric film ] (z= 0). That is, it turns out that the leak 
current characteristic of a dielectric capacitor is improved by addition of Ti. 

[0132] When drawing 15 is shown in drawing 12 D, it shows Ti addition dependency of the temperature 
characteristic of the remanence value in the dielectric capacitor of the same structure. In drawing 15 , an 
axis of abscissa shows measurement temperature (degree C), and an axis of ordinate is Pr. Percentage 
reduction (ratio of Pr in each temperature over Pr in 25 degrees C) is shown. The direction of the sample 
using the SBTT film which added Ti rather than the sample using the SBT film Ti more nearly 
additive-free [ as a dielectric film ] (z= 0) than drawing 15 is Pr at the time of an elevated temperature. It 
turns out that percentage reduction becomes small and the temperature characteristic of the remanence 
value of a dielectric capacitor is improved by addition of Ti. 

[0133] Moreover, according to the experiment conducted separately, depending for the property of this 
dielectric capacitor on the thickness of the SBTT film 57 is checked. Therefore, in this dielectric capacitor, 
although the thickness of the SBTT film 57 is usually chosen as 20nm or more 200nm or less, from a 
viewpoint which acquires a better property, it can be said that it is desirable to be referred to as 20nm or 
more lOOnm or less as for the thickness of the SBTT film 57. Moreover, detailedization of a component 
progresses further, and if it puts into a visual field that the operating voltage of a semiconductor device is 
reduced increasingly, it can be said to be more desirable [ the thickness of the SBTT film 57 / being 
referred to as 30nm or more 80nm or less ]. 

[0134] As mentioned above, according to this 11th operation gestalt, when manufacturing the dielectric 
capacitor using the SBTT film as a dielectric film, the same advantage as the 1st operation gestalt can be 
acquired. Namely, in case the dielectric capacitor using the SBTT film as a dielectric film is manufactured 
Sequential formation of the fluorite film 55 as the lower electrode which consists of Ti film 53 and Pt film 
54, and precursor film of SBTT, and the Pt film 56 as an up electrode is carried out. By carrying out 
patterning of these to the configuration of a dielectric capacitor by etching, and heat-treating the fluorite 
film 55 by which patterning was carried out after this to the configuration of a dielectric capacitor By 
carrying out the phase change of the fluorite phase in this fluorite film 55 to the crystal phase of the 
perovskite mold crystal structure, and trying obtaining the SBTT film 57 as a dielectric film The crystal 
grain in the SBTT film 57 finally obtained Remanence value 2Pr etching does not receive a damage and 
according to etching processing And coercive electric field 2EC Degradation can be prevented effectively, 
and it compares with the conventional technique, and is remanence value 2Pr. And coercive electric field 
2EC It has the advantage of being improved remarkably. By this, it is the area of a dielectric capacitor 10 
micrometers 2 Even if it is the case where it reduces to below (this example 2micrometerx 2 micrometers), 
a dielectric capacitor with a good property is realizable. 

[0135] Moreover, according to this 11th operation gestalt, the advantage that a leak current characteristic 
and the temperature characteristic of a remanence value are improved can also be acquired by using the 
SBTT film which contains Ti in a configuration element as a dielectric film. 

[0136] Drawing 16 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 12th operation gestalt of this invention. 

[0137] In the manufacture approach of the dielectric capacitor by this 12th operation gestalt, as shown in 
drawing 16 A, the same process is followed also in the 11th operation gestalt, and it is Si02 on the Si 
substrate 51. The film 52 is formed and sequential membrane formation of the Ti film 53 and the Pt film 
54 as a lower electrode is carried out on this. 
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[0138] next, the Pt film 54 top - for example, MOCVD " the amorphous film 60 as precursor film (strictly 
precursor film of the fluorite film 55) of SBTT which consists of Bi, Sr, Ta, Ti, and O which are the 
configuration element of the SBTT film finally obtained by law is formed. The Si substrate 51 which even 
the Pt film 54 formed is specifically installed on the susceptor of the reaction chamber (membrane 
formation room) of the MOCVD system which carried out the illustration abbreviation, and it heats and 
holds in substrate temperature of 300-500 degrees C. And Bi (C six H5)3, Sr (THD)2, Ta(i-OC three H7)4 
THD, and Ti4 (iOC three H7) The mixed solution which mixed the liquid source which dissolved each 
organic metal raw material into the THF (tetrahydrofuran) solvent by predetermined concentration to 
the predetermined presentation ratio is made to evaporate within the carburetor held at 200 degrees C. 
And after mixing with the argon carrier gas of flow rate 500SCCM the gas obtained by this and mixing 
with the oxygen gas of flow rate 500SCCM just before a reaction chamber, it introduces into a reaction 
chamber by making this mixed gas into material gas, and membranes are formed by the 
reagent-gas-pressure force of 1 - lOTorr. The amorphous film 60 as precursor film of SBTT is formed by 
this. The thickness of this amorphous film 60 is chosen as lOOnm. moreover, the range of the atomic 
composition ratio of this amorphous film 60 -- for example, 0.6<=2Sr/Ta<= - 1.2, 1.7 <=2Bi/Ta<=2.5, and 
0<2 Ti/Ta<=1.0 - it is suitably chosen as 0.7 <=2 Sr/Ta<=1.0, 2.0 <=2Bi/Ta<=2.4, and 0.01 <=2 Ti/Ta<=1.0, 
and is chosen as 0.1 <=2 Ti/Ta<=1.0 more suitably about 2 Ti/Ta. 

[0139] Next, as shown in drawing 16 B, by heat-treating at 600 degrees C in the oxygen ambient- 
atmosphere of ordinary pressure for 1 hour for example, the phase change of the amorphous phase in this 
amorphous film 60 is carried out to a fluorite phase, and the fluorite film 55 as precursor film of SBTT 
which consists of Sr, Bi, Ta, Ti, and O on the Pt film 54 is obtained for this amorphous film 60. the range 
of the atomic composition ratio of this fluorite film 55 - for example, 0.6<=2Sr/Ta<= ■- 1.2, 1.7 
<=2Bi/Ta<=2.5, and 0<2 Ti/Ta<=1.0 - it is 0.7 <=2 Sr/Ta<=1.0, 2.0 <=2Bi/Ta<=2.4, and 0.01 <=2 
Ti/Ta<=1.0 suitably, and is 0.1 <=2 Ti/Ta<=1.0 more suitably about 2 Ti/Ta. 

[0140] Next, as shown in drawing 16 C, the Pt film 56 as an up electrode is formed on condition that usual 
for example, by the sputtering method on this fluorite film 55. The thickness of this Pt film 56 is chosen as 
lOOnm. Next, patterning of the Pt film 56, the fluorite film 55, the Pt film 54, and the Ti film 53 is carried 
out to the configuration of the dielectric capacitor of 2micrometerx2micrometer size for example, by the 
RIE method. 

[0141] Next, by heat-treating the fluorite film 55 after doing in this way and carrying out patterning to 
the configuration of a dielectric capacitor for 10 minutes at 750 degrees C in the oxygen ambient 
atmosphere of ordinary pressure for example, the phase change of the fluorite phase in the fluorite film 
55 is carried out to the crystal phase of the perovskite mold crystal structure, and this fluorite film 55 is 
crystallized. By this, as shown in drawing 16 D, the SBTT film 57 is obtained between the Pt film 54 and 
the Pt film 56. This SBTT film 57 Empirical formula Srx Biy Ta2.0 Tiz Ow 0.6<=x<=1.2, 1.7<=y<=2.5, 0< 
z<=1.0, w= 9**d, and 0<=d<=1.0 - suitably [ however, ] 0.7<=x<=1.0, 2.0<=y<=2.4, 0.01<=z<=1.0, w= 9**d, 
and 0<=d<=1.0 - more suitably It consists of a ferroelectric of 0.7<=x<=1.0, 2.0<=y<=2.4, 0.01<=z<=1.0, 
w _ 9**^ an( i Bi system layer structure perovskite mold crystal structure expressed with 0<=d<=1.0. 
[0142] Next, as the 11th operation gestalt is shown in dra wing 16 E according to the same process, the 
dielectric capacitor made into the purpose using the SBTT film as a dielectric film is manufactured by 
forming an interlayer insulation film 58, contact hole 58a, and the drawer electrode 59. 
[0143] When the P-V hysteresis was similarly measured in the 11th operation gestalt about the dielectric 
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capacitor manufactured as mentioned above, it is remanence value 2Pr. It carries out and is 2Pr 
=10-22microC/cm2. A value is acquired and it is coercive electric field 2EC. It carried out and the value of 
2EC =100 - 150 kV/cm was acquired. These 2Pr And 2EC It is a value good as a dielectric capacitor using 
the SBTT film, and was obtained by the measurement this [ whose 1 let the Si substrate 51 pass. On the 
other hand, after crystallizing by heat-treating the fluorite film 55 like the conventional technique and 
obtaining the SBTT film 57, Formed the Pt film 56 on this SBTT film 57, and were manufactured by 
carrying out patterning of the Pt film 56, the SBTT film 57, the Pt film 54, and the Ti film 53 to the 
configuration of a dielectric capacitor by etching after this. Remanence value 2Pr of the dielectric 
capacitor of 2micrometerx2micrometer size 10microC/cm2 It is the following and is coercive electric field 
2EC. They were 150 or more kV/cm. From the above thing, it sets to the dielectric capacitor using the 
SBTT film by applying the manufacture approach of the dielectric capacitor by this invention, and is 
remanence value 2Pr. And coercive electric field 2EC It turns out that it is improved remarkably. 
[0144] As mentioned above, according to this 12th operation gestalt, the same advantage as the 11th 
operation gestalt can be acquired. 

[0145] Drawing 17 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 13th operation gestalt of this invention. 

[0146] In the manufacture approach of the dielectric capacitor by this 13th operation gestalt, as shown in 
drawing 17 A, it is the usual conditions for example, by the sputtering method on the conductive Si 
substrate 51, and it is Ir02 as a lower electrode. Sequential membrane formation of the film 61 and the Ir 
film 62 is carried out. Here, it is Ir02. The thickness of the film 61 is chosen as lOOnm, and the thickness 
of the Ir film 62 is chosen as lOOnm. 

[0147] next, it is shown in drawing 17 B as - the Ir film 61 top " for example, MOCVD - the fluorite 
film 55 as precursor film of SBTT which consists of Bi, Sr, Ta, Ti, and O which are the configuration 
element of the SBTT film finally obtained by law is formed. The Si substrate 51 which even the Ir film 62 
formed is specifically installed on the susceptor of the reaction chamber (membrane formation room) of 
the MOCVD system which carried out the illustration abbreviation, and it heats and holds in substrate 
temperature of 400-650 degrees C. And Bi (o C seven H7)3, Sr (THD)2, and Ta (iOC3H7)5, Ti4 (rOC 
three H7) Each organic metal raw material is mixed with the argon carrier gas of flow rate 200SCCM, 
230SCCM, 50SCCM, and 20SCCM, respectively. Furthermore, after mixing with the oxygen gas of flow 
rate 500SCCM just before a reaction chamber, it introduces into a reaction chamber by making this mixed 
gas into material gas, and membranes are formed by the pressure of 1 - lOTorr. The fluorite film 55 as 
precursor film of SBTT is formed by this. The thickness of this fluorite film 55 is chosen as lOOnm. 
moreover, the range of the atomic composition ratio of this fluorite film 55 ■- for example, 0.6<=2Sr/Ta<= 
- 1.2, 1.7 <=2Bi/Ta<=2.5, and 0<2 Ti/Ta<=1.0 - it is suitably chosen as 0.7 <=2 Sr/Ta<=1.0, 2.0 
<=2Bi/Ta<=2.4, and 0.01 <=2 Ti/Ta<=1.0, and is chosen as 0.1 <=2 Ti/Ta<=1.0 more suitably about 2 Ti/Ta. 
[0148] Next, the Ir film 63 as an up electrode is formed on condition that usual for example, by the 
sputtering method on this fluorite film 55. The thickness of this Ir film 63 is chosen as lOOnm. 
[0149] Next, as shown in drawing 17 B, they are the Ir film 63, the fluorite film 55, the Ir film 62, and 
Ir02. Patterning of the film 61 is carried out to the configuration of the dielectric capacitor of 
2micrometerx2micrometer size for example, by the RIE method. 

[0150] Next, by heat-treating the fluorite film 55 after doing in this way and carrying out patterning to 
the configuration of a dielectric capacitor for 30 minutes at 700 degrees C in the oxygen ambient 
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atmosphere of ordinary pressure for example, the phase change of the fluorite phase in the fluorite film 
55 is carried out to the crystal phase of the perovskite mold crystal structure, and this fluorite film 55 is 
crystallized. By this, as shown in drawing 17 C, the SBTT film 57 is obtained between the Ir film 62 and 
the Ir film 63. This SBTT film 57 Empirical formula Srx Biy Ta2.0 Tiz Ow 0.6<=x<=1.2, 1.7<=y<=2.5, 0< 
z<=1.0, w= 9**d, and 0<=d<=1.0 - suitably [ however, ] 0.7<=x<=1.0, 2.0<=y<=2.4, 0.01<=z<=1.0, w= 9**d, 
and 0<=d<=1.0 - more suitably It consists of a ferroelectric of 0.7<=x<=1.0, 2.0<=y<=2.4, 0.01<=z<=1.0, 
w _ 9**^ an( j 3^ system layer structure perovskite mold crystal structure expressed with 0<=d<=1.0. 
[0151] Next, as the 11th operation gestalt is shown in drawing 17 D according to the same process, the 
dielectric capacitor made into the purpose using the SBTT film as a dielectric film is manufactured by 
forming an interlayer insulation film 58, contact hole 58a, and the drawer electrode 59. 
[0152] When the P-V hysteresis was similarly measured in the 11th operation gestalt about the dielectric 
capacitor manufactured as mentioned above, it is remanence value 2Pr. It carries out and is 2Pr 
=10"20microC/cm2. A value is acquired and it is coercive electric field 2EC. It carried out and the value of 
2EC =100 - 150 kV/cm was acquired. These 2Pr And 2EC It is a value good as a dielectric capacitor using 
the SBTT film, and was obtained by the measurement this [ whose ] let the Si substrate 51 pass. On the 
other hand, after crystallizing by heat-treating the fluorite film 55 like the conventional technique and 
obtaining the SBTT film 57, The Ir film 63 is formed on this SBTT film 57, and they are the next and Ir 
film 63, the SBTT film 57, the Ir film 62, and Ir02. Were manufactured by carrying out patterning of the 
film 61 to the configuration of a dielectric capacitor by etching. Remanence value 2Pr of the dielectric 
capacitor of 2 micrometerx2 micrometer size 10microC/cm2 It is the following and is coercive electric field 
2EC. They were 150 or more kV/cm. From the above thing, it sets to the dielectric capacitor using the 
SBTT film by applying the manufacture approach of the dielectric capacitor by this invention, and is 
remanence value 2Pr. And coercive electric field 2EC It turns out that it is improved remarkably. 
[0153] As mentioned above, according to this 13th operation gestalt, the same advantage as the 11th 
operation gestalt can be acquired. 

[0154] Drawing 18 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 14th operation gestalt of this invention. 

[0155] As the manufacture approach of the dielectric capacitor by this 14th operation gestalt is shown in 
draw i n g 18 A according to the same process also in the 13th operation gestalt, it is Ir02 as a lower 
electrode on the Si substrate 51. Sequential membrane formation of the film 61 and the Ir film 62 is 
carried out. next, the Ir film 62 top " for example, MOCVD - the amorphous film 60 as precursor film of 
SBTT which consists of Bi, Sr, Ta, Ti, and O which are the configuration element of the SBTT film finally 
obtained by law is formed. The Si substrate 51 which even the Ir film 62 formed is specifically installed on 
the susceptor of the reaction chamber (membrane formation room) of the MOCVD system which carried 
out the illustration abbreviation, and it heats and holds in substrate temperature of 300-500 degrees C. 
And Bi (C six H5)3, Sr (THD)2, TaG OC three H7)4 THD, and Ti4 (iOC3H7) The mixed solution which 
mixed the liquid source which dissolved each organic metal raw material into the THF solvent by 
predetermined concentration to the predetermined presentation ratio is made to evaporate within the 
carburetor held at 200 degrees C. And after mixing with the argon carrier gas of flow rate 500SCCM the 
gas obtained by this and mixing with the oxygen gas of flow rate 500SCCM just before a reaction chamber, 
it introduces into a reaction chamber by making this mixed gas into material gas, and membranes are 
formed by the reagent-gas-pressure force of 1 - lOTorr. The amorphous film 60 as precursor film of SBTT 



37 



JP2000-236075A 



is formed by this. The thickness of this amorphous film 60 is chosen as lOOnm. moreover, the range of the 
atomic composition ratio of this amorphous film 60 - for example, 0.6<=2Sr/Ta<= - 1.2, 1.7 
<=2Bi/Ta<=2.5, and 0<2 Ti/Ta<=1.0 - it is suitably chosen as 0.7 <=2 Sr/Ta<=1.0, 2.0 <=2Bi/Ta<=2.4, and 
0.01 <=2 Ti/Ta<=1.0, and is chosen as 0.1 <=2 Ti/Ta<=1.0 more suitably about 2 Ti/Ta. 

[0156] Next, as shown in drawing 1 8 B, by heat-treating at 600 degrees C in the oxygen ambient 
atmosphere of ordinary pressure for 1 hour for example, the amorphous phase in this amorphous film 60 
is changed to a fluorite phase, and the fluorite film 55 as precursor film of SBTT which consists of Sr, Bi, 
Ta, Ti, and O on the Pt film 54 is obtained for this amorphous film 60. the range of the atomic composition 
ratio of this fluorite film 55 - for example, 0.6<=2Sr/Ta<= ~ 1.2, 1.7 <=2Bi/Ta<=2.5, and 0<2 Ti/Ta<=1.0 - 
it is 0.7 <=2 Sr/Ta<=1.0, 2.0 <=2Bi/Ta<=2.4, and 0.01 <=2 Ti7Ta<=1.0 suitably, and is 0.1 <=2 Ti/Ta<=1.0 
more suitably about 2 Ti/Ta. 

[0157] Next, the Ir film 63, the fluorite film 55, the Ir film 62, and Ir02 as shown in drawing 18 C, after 
forming the Ir film 63 of lOOnm of thickness as an up electrode on condition that usual for example, by 
the sputtering method on this fluorite film 55 Patterning of the film 61 is carried out to the configuration 
of the dielectric capacitor of 2micrometerx2micrometer size for example, by the RIE method. 
[0158] Next, by heat treating the fluorite film 55 after doing in this way and carrying out patterning to 
the configuration of a dielectric capacitor for 10 minutes at 750 degrees C in the oxygen ambient 
atmosphere of ordinary pressure for example, the phase change of the fluorite phase in the fluorite film 
55 is carried out to the crystal phase of the perovskite mold crystal structure, and this fluorite film 55 is 
crystallized. By this, as shown in drawing 18 D, the SBTT film 57 is obtained between the Ir film 62 and 
the Ir film 63. This SBTT film 57 Empirical formula Bix Sry Ta2.0 Tiz Ow 1.7<=x<=2.5, 0.6<=y<=1.2, 
0.01<=z<=1.0, w= 9**d, and 0<=d<=1.0 - suitably [ however, ] 2.0<=x<=2.4, 0.7<=y<=1.0, 0.01<=z<=1.0, 
w= 9**d, and 0<=d<=1.0 " more suitably It consists of a ferroelectric of 2.0<=x<=2.4, 0.7<=y<=1.0, 
0.1<=z<=1.0, w= 9**d, and Bi system layer structure perovskite mold crystal structure expressed with 
0<=d<=1.0. 

[0159] Next, as the 11th operation gestalt is shown in drawing 18 E according to the same process, the 
dielectric capacitor made into the purpose using the SBTT film as a dielectric film is manufactured by 
forming an interlayer insulation film 58, contact hole 58a, and the drawer electrode 59. 
[0160] When the P-V hysteresis was similarly measured in the 11th operation gestalt about the dielectric 
capacitor manufactured as mentioned above, it is remanence value 2Pr. It carries out and is 2Pr 
=10-22microC/cm2. A value is acquired and it is coercive electric field 2EC. It carried out and the value of 
2EC =100 - 150 kV/cm was acquired. These 2Pr And 2EC It is a value good as a dielectric capacitor using 
the SBTT film, and was obtained by the measurement this [ whose ] let the Si substrate 51 pass. On the 
other hand, after crystallizing by heat-treating the fluorite film 55 like the conventional technique and 
obtaining the SBTT film 57, The Ir film 63 is formed on this SBTT film 57, and they are the next and Ir 
film 63, the SBTT film 57, the Ir film 62, and Ir02. Were manufactured by carrying out patterning of the 
film 61 to the configuration of a dielectric capacitor by etching. Remanence value 2Pr of the dielectric 
capacitor of 2micrometerx2micrometer size 10microC/cm2 It is the following and is coercive electric field 
2EC. They were 150 or more kV/cm. From the above thing, it sets to the dielectric capacitor using the 
SBTT film by applying the manufacture approach of the dielectric capacitor by this invention, and is 
remanence value 2Pr. And coercive electric field 2EC It turns out that it is improved remarkably. 
[0161] As mentioned above, according to this 14th operation gestalt, the same advantage as the 11th 
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operation gestalt can be acquired. 

[0162] Drawing 19 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 15th operation gestalt of this invention. 

[0163] In the manufacture approach of the dielectric capacitor by this 15th operation gestalt, as shown in 
drawing 19 A, it is the usual conditions for example, by the sputtering method on the conductive Si 
substrate 51, and it is Ir02 as a lower electrode. The film 61 and Ir0.7 Ru0.3 Sequential membrane 
formation of the film 64 is carried out. Here, it is Ir02. It is chosen as lOOnm and the thickness of the film 
61 is Ir0.7 Ru0.3. The thickness of the film 64 is chosen as lOOnm. 

[0164] next, Ir0.7 Ru0.3 a film 64 top - for example, MOCVD " the amorphous film 60 as precursor film 
of SBTT which consists of Bi, Sr, Ta, Ti, and O which are the configuration element of the SBTT film 
finally obtained by law is formed. Specifically, it is Ir0.7Ru0.3. The Si substrate 51 which even the film 64 
formed is installed on the susceptor of the reaction chamber (membrane formation room) of the MOCVD 
system which carried out the illustration abbreviation, and it heats and holds in substrate temperature of 
300-500 degrees C. And Bi (C six H5)3, Sr (THD)2, Ta(i-OC three H7)4 THD, and Ti4 (i-OC three H7) The 
mixed solution which mixed the liquid source which dissolved each organic metal raw material into the 
THF solvent by predetermined concentration to the predetermined presentation ratio is made to 
evaporate within the carburetor held at 200 degrees C. And after mixing with the argon carrier gas of 
flow rate 500SCCM the gas obtained by this and mixing with the oxygen gas of flow rate 500SCCM just 
before a reaction chamber, it introduces into the reaction chamber which made the output 100 RF (RF) 
plasma of W discharge by making this mixed gas into material gas, and membranes are formed by the 
reagent-gas-pressure force of 0.5 - lOTorr. The amorphous film 60 as precursor film of SBTT is formed by 
this. The thickness of this amorphous film 60 is chosen as lOOnm. moreover, the range of the atomic 
composition ratio of this amorphous film 60 - for example, 0.6<=2Sr/Ta<= - 1.2, 1.7 <=2Bi/Ta<=2.5, and 
0<2 Ti/Ta<=1.0 " it is suitably chosen as 0.7 <=2 Sr/Ta<=1.0, 2.0 <=2Bi/Ta<=2.4, and 0.01 <=2 Ti/Ta<=1.0, 
and is chosen as 0.1 <=2 Ti7Ta<=1.0 more suitably about 2 Ti/Ta. 

[0165] Next, as shown in drawing 19 B, by heat-treating at 600 degrees C in the oxygen ambient 
atmosphere of ordinary pressure for 1 hour for example, the amorphous phase in this amorphous film 60 
is changed to a fluorite phase, and the fluorite film 55 as precursor film of SBTT which consists of Sr, Bi, 
Ta, Ti, and O on Ir0.7 Ru0.3 film 64 is obtained for this amorphous film 60. the range of the atomic 
composition ratio of this fluorite film 55 - for example, 0.6<=2Sr/Ta<= - 1.2, 1.7 <=2Bi/Ta<=2.5, and 0<2 
Ti/Ta<=1.0 - it is 0.7 <=2 Sr/Ta<=1.0, 2.0 <=2Bi/Ta<=2.4, and 0.01 <=2 Ti/Ta<=1.0 suitably, and is 0.1 <=2 
Ti/Ta<=1.0 more suitably about 2 Ti/Ta. 

[0166] Next, Ir0.7 Ru0.3 as shown in drawin g 19 C, after forming Ir0.7 Ru0.3 film 65 of lOOnm of 
thickness as an up electrode on condition that usual for example, by the sputtering method on this 
fluorite film 55 The film 65, the fluorite film 55, and Ir0.7Ru0.3 The film 64 and Ir02 Patterning of the 
film 61 is carried out to the configuration of the dielectric capacitor of 2micrometerx2micrometer size for 
example, by the RIE method. 

[0167] Next, by heat-treating the fluorite film 55 after doing in this way and carrying out patterning to 
the configuration of a dielectric capacitor for 30 minutes at 700 degrees C for example, in 
nitrogen-gas-atmosphere mind for example, the phase change of the fluorite phase in the fluorite film 55 
is carried out to the crystal phase of the perovskite mold crystal structure, and this fluorite film 55 is 
crystallized. As this shows to drawing 19 D, it is Ir0.7 Ru0.3. The film 64 and Ir0.7 Ru0.3 The SBTT film 
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57 is obtained between film 65. This SBTT film 57 Empirical formula SrxBiy Ta2.0 Tiz Ow 1.7<=x<=2.5, 
0.6<=y<=1.2, 0.01<=z<=1.0, w= 9**d, and 0<=d<=1.0 - suitably [ however, ] 2.0<=x<=2.4, 0.7<=y<=1.0, 
0.01<=z<=1.0, w— 9**d, and 0<=d<=1.0 - more suitably It consists of a ferroelectric of 2.0<=x<=2.4, 
0.7<=y<=1.0, 0.1<=z<=1.0, w= 9**d, and Bi system layer structure perovskite mold crystal structure 
expressed with 0<=d<=1.0. 

[0168] Next, as the 11th operation gestalt is shown in drawing 19 E according to the same process, the 
dielectric capacitor made into the purpose using the SBTT film as a dielectric film is manufactured by 
forming an interlayer insulation film 58, contact hole 58a, and the drawer electrode 59. 
[0169] When the P-V hysteresis was similarly measured in the 11th operation gestalt about the dielectric 
capacitor manufactured as mentioned above, it is remanence value 2Pr. It carries out and is 2Pr 
=5-18microC/cm2. A value is acquired and it is coercive electric field 2EC. It carried out and the value of 
2EC =100 ■ 200 kV/cm was acquired. These 2Pr And 2EC It is a value good as a dielectric capacitor using 
the SBTT film produced by the above-mentioned MOCVD method, and was obtained by the measurement 
this [ whose ] let the Si substrate 51 pass. On the other hand, after crystallizing by heat-treating the 
fluorite film 55 like the conventional technique and obtaining the SBTT film 57, It is Ir0.7 Ru0.3 on this 
SBTT film 57. The film 65 is formed. Then, Ir0.7 Ru0.3 The film 65, the SBTT film 57, and Ir0.7 Ru0.3 
The film 64 and Ir02 Were manufactured by carrying out patterning of the film 61 to the configuration of 
a dielectric capacitor by etching, Remanence value 2Pr of the dielectric capacitor of 
2micrometerx2micrometer size 5microC/cm2 It is the following and is coercive electric field 2EC. They 
were 200 or more kV/cm. From the above thing, it sets to the dielectric capacitor using the SBTT film by 
applying the manufacture approach of the dielectric capacitor by this invention, and is remanence value 
2Pr. And coercive electric field 2EC It turns out that it is improved remarkably. 

[0170] Drawing 20 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 16th operation gestalt of this invention. 

[0171] In the manufacture approach of the dielectric capacitor by this 16th operation gestalt, as shown in 
drawing 20 A, the same process is followed also in the 13th operation gestalt, and it is Ir02 of lOOnm of 
thickness as a lower electrode on the Si substrate 51. Sequential membrane formation of the film 61 and 
the Ir film 62 of 20nm of thickness is carried out. 

[0172] next, the Ir film 62 top - for example, MOCVD - the amorphous film 66 as precursor film of SBTT 
which consists of Bi, Sr, Ta, Ti, Nb, and O which are the configuration element of the SBTT film finally 
obtained by law is formed. The Si substrate 51 which even the Ir film 62 formed is specifically installed on 
the susceptor of the reaction chamber (membrane formation room) of the MOCVD system which carried 
out the illustration abbreviation, and it heats and holds in substrate temperature of 300-500 degrees C. 
And Bi (C six H5)3, Sr (THD)2, Ta(i"OC three H7)4 THD, Nb(i~OC three H7)4 THD and Ti4 (i-OC three 
H7) The mixed solution which mixed the liquid source which dissolved each organic metal raw material 
into the THF solvent by predetermined concentration to the predetermined presentation ratio is made to 
evaporate within the carburetor held at 200 degrees C. And after mixing with the argon carrier gas of 
flow rate 500SCCM the gas obtained by this and mixing with the oxygen gas of flow rate 500SCCM just 
before a reaction chamber, it introduces into a reaction chamber by making this mixed gas into material 
gas, and membranes are formed by the reagent- gas-pressure force of 1 - lOTorr. The amorphous film 66 as 
precursor film of SBTT is formed by this. The thickness of this amorphous film 66 is chosen as lOOnm. 
Moreover, the range of the atomic composition ratio of this amorphous film 66 for example, 
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0.6<=2Sr/(Ta+Nb)<= -- 1.2, 1.7 <=2Bi/(Ta+Nb) <=2.5, and 0<2Ti/(Ta+Nb) <=1.0 -- suitably It is chosen as 
0.7 <=2Sr/(Ta+Nb) <=1.0, 2.0 <=2Bi/(Ta+Nb) <=2.4, and 0.01 <=2Ti/(Ta+Nb) <=1.0, and is chosen as 0.1 
<=2 Ti/Ta<=1.0 more suitably about 2Ti/(Ta+Nb). 

[0173] Next, as shown in drawing 20 B, by heat-treating at 600 degrees C in the oxygen ambient 
atmosphere of ordinary pressure for 1 hour for example, the amorphous phase in this amorphous film is 
changed to a fluorite phase, and the fluorite film 67 as precursor film of SBTT which consists of Sr, Bi, Ta, 
Nb, Ti, and O on the Ir film 62 is obtained for this amorphous film 66. The range of the atomic 
composition ratio of this fluorite film 67 for example, 0.6<=2Sr/(Ta+Nb)<= - 1.2, 1.7 <=2Bi/(Ta+Nb) <=2.5, 
and 0<2Ti/(Ta+Nb) <=1.0 - suitably It is 0.7 <=2Sr/(Ta+Nb) <=1.0, 2.0 <=2Bi/(Ta+Nb) <=2.4, and 0.01 
<=2Ti/(Ta+Nb) <=1.0, and is 0.1 <=2 Ti/Ta<=1.0 more suitably about 2Ti/(Ta+Nb). 

[0174] Next, the Ir film 63, the fluorite film 67, the Ir film 62, and Ir02 as shown in drawi ng 20 C, after 

forming the Ir film 63 of lOOnm of thickness as an up electrode on condition that usual for example, by 

the sputtering method on this fluorite film 67 Patterning of the film 61 is carried out to the configuration 

of the dielectric capacitor of 2micrometerx2micrometer size for example, by the RIE method. 

[0175] Next, by heat-treating the fluorite film 67 after doing in this way and carrying out patterning to 

the configuration of a dielectric capacitor for 10 minutes at 750 degrees C in the oxygen ambient 

atmosphere of ordinary pressure for example, the phase change of the fluorite phase in the fluorite film 

67 is carried out to the crystal phase of the perovskite mold crystal structure, and this fluorite film 67 is 

crystallized. By this, as shown in drawing 20 D, the SBTT film 68 is obtained between the Ir film 62 and 

the Ir film 63. This SBTT film 68 Empirical formula Srx Biy2.0 (Ta, Nb) Tiz Ow 1.7<=x<=2.5, 0.6<=y<=1.2, 

0.01<=z<=1.0, w= 9**d, and 0<=d<=1.0 - suitably [ however, ] 2.0<=x<=2.4, 0.7<=y<=1.0, 0.01<=z<=1.0, 

w= 9**d, and 0<=d<=1.0 - more suitably It consists of a ferroelectric of 2.0<=x<=2.4, 0.7<=y<=1.0, 

01<=z<=:10 ' w= 9 ** d > and Bi system layer structure perovskite mold crystal structure expressed with 
0<=d<=1.0. 

[0176] Next, as the 11th operation gestalt is shown in drawing 20 E according to the same process, the 
dielectric capacitor made into the purpose using the SBTT film as a dielectric film is manufactured by 
forming an interlayer insulation film 58, contact hole 58a, and the drawer electrode 59. 
[0177] When the P-V hysteresis was similarly measured in the 11th operation gestalt about the dielectric 
capacitor manufactured as mentioned above, it is remanence value 2Pr. It carries out and is 2Pr 
= 10-25microC/cm2. A value is acquired and it is coercive electric field 2EC. It carried out and the value of 
2EC =100 - 250 kV/cm was acquired. These 2Pr And 2EC It is a value good as a dielectric capacitor using 
the SBTT film which consists of Bi, Sr, Ta, Nb, Ti, and O, and was obtained by the measurement this 
[ whose ] let the Si substrate 51 pass. On the other hand, after crystallizing by heat-treating the fluorite 
film 67 like the conventional technique and obtaining the SBTT film 68, The Ir film 63 is formed on this 
SBTT film 68, and they are the next and Ir film 63, the SBTT film 68, the Ir film 62, and Ir02. Were 
manufactured by carrying out patterning of the film 61 to the configuration of a dielectric capacitor by 
etching. Remanence value 2Pr of the dielectric capacitor of 2micrometerx2micrometer size 10microC/cm2 
It is the following and is coercive electric field 2EC. They were 250 or more kV/cm. From the above thing, 
it sets to the dielectric capacitor using the SBTT film by applying the manufacture approach of the 
dielectric capacitor by this invention, and is remanence value 2Pr. And it turns out that coercive electric 
field 2EC is improved remarkably. 

[0178] As mentioned above, according to this 16th operation gestalt, the same advantage as the 11th 
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operation gestalt can be acquired. 

[0179] Drawing 21 is a sectional view for explaining the manufacture approach of the dielectric capacitor 
by the 17th operation gestalt of this invention. 

[0180] In the manufacture approach of the dielectric capacitor by this 17th operation gestalt As shown in 
drawing 21 A, the same process is followed also in the 11th operation gestalt. It is Si02 on the Si 
substrate 51. After forming the film 52, sequential membrane formation of the fluorite film 55 as the Ti 
film 53 as a lower electrode, the Pt film 54, and precursor film of SBTT and the Pt film 56 as an up 
electrode is carried out on this. Patterning of the Pt film 56 and the fluorite film 55 is carried out to the 
configuration of the dielectric capacitor of 2micrometerx2micrometer size for example, by the RIE method. 
Next, it is Y2 03 as a protective coat for example, by the MOCVD method to the whole surface so that the 
side attachment wall of the Pt film 56 by which patterning was carried out in this way to the 
configuration of a dielectric capacitor, and the fluorite film 55 may be covered. The film 69 is formed. This 
Y2 03 The thickness of the film 69 is chosen as 30nm. 

[0181] Next, that side attachment wall is the fluorite film 55 by which patterning was carried out in this 
way to the configuration of a dielectric capacitor Y2 03 It is in the condition covered by the film 69, for 
example, by heat-treating at 750 degrees C in the oxygen ambient atmosphere of ordinary pressure for 1 
hour for example, the phase change of the fluorite phase of the fluorite film 55 is carried out to the crystal 
phase of the perovskite mold crystal structure, and this fluorite film 55 is crystallized. By this, as shown 
in drawing 21 B, the SBTT film 57 is obtained between the Pt film 54 and the Pt film 56. This SBTT film 
57 Empirical formula Srx Biy Ta2.0 Tiz Ow 1.7<=x<=2.5, 0.6<=y<=1.2, 0.01<=z<=1.0, w= 9**d, and 
0<=d<=1.0 - suitably [ however, ] 2.0<=x<=2.4, 0.7<=y<=1.0, 0.01<=z<=1.0, w= 9**d, and 0<=d<=1.0 - 
more suitably It consists of a ferroelectric of 2.0<=x<=2.4, 0.7<=y<=1.0, 0.1<=z<=1.0, w= 9**d, and Bi 
system layer structure perovskite mold crystal structure expressed with 0<=d<=1.0. 

[0182] Next, as shown in drawing 21 C, it is Y203 to the side attachment wall of the Pt film 56 and the 
SBTT film 57. It is Y2 03 so that it may leave the film 69. Patterning of the film 69, the Pt film 54, and 
the Ti film 53 is carried out to a predetermined configuration by etching. 

[0183] Next, as shown in drawing 21 D, an interlayer insulation film 58 is formed on the whole surface. 
Next, an interlayer insulation film 58 and Y2 03 Etching removal of the predetermined part on the Pt 
film 56 is carried out among film 69, and contact hole 58a is formed. Next, after forming aluminum alloy 
film for example, by the sputtering method on the whole surface, patterning of this aluminum alloy film is 
carried out to a predetermined configuration by etching, it is pulled out, and an electrode 59 is formed. 
[0184] The dielectric capacitor made into the purpose using the SBTT film as a dielectric film according to 
the above process is manufactured. 

[0185] the time of the impression electric field of the value being 300k V/cm, when it pulls out with the Si 
substrate 51 of the dielectric capacitor manufactured as mentioned above, an electrical potential 
difference is impressed between electrodes 59 and leakage current is measured - 1x10-8 A/cm2 it was . 
This is a value good as a dielectric capacitor which used the SBTT film. Y2 03 [ on the other hand, ] the 
time of the impression electric field of the leakage current of the dielectric capacitor which obtained the 
SBTT film 57 by heat-treating the fluorite film 55, without forming the film 69 being 300 kV/cm - 1x10-6 
A/cm2 it was . From the above result, by applying the manufacture approach of the dielectric capacitor by 
this invention shows that the leak current characteristic of the dielectric capacitor using the SBTT film is 
improved remarkably. 
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[0186] As mentioned above, according to this 17th operation gestalt, when manufacturing the dielectric 
capacitor using the SBTT film, the same advantage as the 3rd operation gestalt can be acquired. Namely, 
in case the dielectric capacitor using the SBTT film as a dielectric film is manufactured Sequential 
formation of the fluorite film 55 as the lower electrode which consists of Ti film 53 and Pt film 54, and 
precursor film of SBTT, and the Pt film 56 as an up electrode is carried out. After carrying out patterning 
of the Pt film 56 and the fluorite film 55 to the configuration of a dielectric capacitor by etching, It is Y2 
03 as a protective coat so that the side attachment wall of the Pt film 56 and the fluorite film 55 may be 
covered. By forming the film 69 Since a specific metal can deposit on the side attachment wall of a 
dielectric capacitor in the time of etching of the lower electrode which consists of Ti film 53 and Pt film 54, 
and the case of heat treatment performed after that or it can prevent that a conductive oxide is generated 
Degradation of the leak current characteristic of a dielectric capacitor can be prevented effectively, and it 
has the advantage that a leak current characteristic is improved remarkably, as compared with the 
former. 

[0187] Moreover, it is remanence value 2Pr like the 11th operation gestalt by trying obtaining the SBTT 
film 57 by heat-treating this fluorite film 55 and crystallizing, after carrying out patterning of the fluorite 
film 55 as precursor film of SBTT to the configuration of a dielectric capacitor according to this 17th 
operation gestalt. And the advantage that coercive electric field 2EC is improved can also be acquired. 
[0188] Next, the 18th of this invention and the 19th operation gestalt which were applied to manufacture 
of the ferroelectric nonvolatile memory which has a using SBT film as dielectric film dielectric [ approach 
/ of the semiconductor memory by this invention / manufacture ] capacitor are explained. In addition, in 
the complete diagram of the 18th and 19th operation gestalten, the sign identically same into a 
corresponding part is attached. 

[0189] Drawing 22 - drawing 25 are the sectional views for explaining the manufacture approach of the 
ferroelectric nonvolatile memory by the 18th operation gestalt of this invention. A stack mold dielectric 
capacitor is used for this ferroelectric nonvolatile memory as a dielectric capacitor which constitutes a 
memory cell. 

[0190] In the manufacture approach of the ferroelectric nonvolatile memory by this 18th operation gestalt, 
first, as shown in drawing 22 , a field insulator layer 102 like the diacid ized silicon (Si02) film is 
alternatively formed in the front face of the p mold Si substrate 101 for example, by the LOCOS method, 
and separation between components is performed. At this time, p mold impurities, such as boron (B) 
beforehand introduced with ion-implantation etc. into the p mold Si substrate 101 in the isolation region 
between components, are spread, and it is P+ to the field insulator layer 102 bottom. The channel stopper 
(not shown) of a mold is formed. Then, it is Si02 of predetermined thickness for example, by the oxidizing 
[ thermally ] method to the front face of the active region surrounded by the field insulator layer 102. The 
gate dielectric film 103 which consists of film is formed. 

[0191] next, chemical vapor deposition (CVD) - the polycrystal Si film is formed in the whole surface by 
law. Next, in order to reduce resistance, an n mold impurity like Lynn (P) is doped on this polycrystal Si 
film at high concentration. Next, the gate electrode 104 which consists of polycrystal Si is formed on gate 
dielectric film 103 by carrying out patterning of this polycrystal Si film. 

[0192] Next, an n mold impurity like P is doped with ion-implantation by using this gate electrode 104 as 
a mask all over the active region surrounded by the field insulator layer 102. By this, it is n in self align to 
the gate electrode 104 all over this active region. - A mold field is formed. 
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[0193] next, a CVD method " Si02 of predetermined thickness reactive ion etching (RIE) after forming 
the film in the whole surface - law ■■ this Si02 Etchback of the film is perpendicularly carried out to the 
front face of the p mold Si substrate 101. this - the side attachment wall of the gate electrode 104 - Si02 
from " the becoming sidewall spacer 105 is formed. 

[0194] Next, an n mold impurity like an arsenic (As) is doped with ion-implantation all over the active 
region surrounded by the field insulator layer 102 by using this sidewall spacer 105 and the gate 
electrode 104 as a mask. Then, annealing for electrical-activity-izing of an impregnation impurity is 
performed if needed. By this, it is n+ in self align to the sidewall spacer 105. The source field 106 and the 
drain field 107 of a mold are formed. These source fields 106 and the drain field 107 are n to the part of 
the sidewall spacer 105 bottom. - It has the low high-impurity-concentration sections 106a and 107a of a 
mold. Here, these low high-impurity-concentration sections 106a and 107a are n formed in self align to 
the gate electrode 104, respectively. - It consists of a mold field. The n channel MOS transistor Q is formed 
at the process so far. 

[0195] Next, for example, after forming an interlayer insulation film 108 like the boron phosphorus 
silicate glass (BPSG) film of predetermined thickness in the whole surface with a CVD method, by 
heat-treating by predetermined, a reflow of the interlayer insulation film 108 is carried out, and surface 
flattening is performed. Next, a contact hole 109 is formed in the interlayer insulation film 108 in the 
predetermined part on the source field 106, for example by the lithography method and the RIE method. 
Next, for example, after forming the polycrystal Si film in the whole surface with a CVD method, 
etchback is carried out by the RIE method until the front face of an interlayer insulation film 108 exposes 
this polycrystal Si film perpendicularly to the front face of the p mold Si substrate 101. Thereby, the 
polycrystal Si plug 110 is formed so that the inside of a contact hole 109 may be filled. 

[0196] Next, as the 1st operation gestalt is shown in drawin g 23 according to the same process, it is Ir02 
as a lower electrode on an interlayer insulation film 108. Sequential membrane formation of the 
amorphous film 113 as the film 111 and the Ir film 112, and precursor film of SBT and the Pt film 114 as 
an up electrode is carried out. Next, patterning of the Pt film 114 and the amorphous film 113 is carried 
out to the configuration of the dielectric capacitor C of 2micrometerx2micrometer size for example, by the 
RIE method. Next, the Ir film 112 and Ir02 Patterning of the film 111 is carried out to a predetermined 
configuration so that it may extend on the polycrystal Si plug 110 and the interlayer insulation film 108 of 
the near. 

[0197] Next, by heat-treating the amorphous film 113 by which did in this way and patterning was 
carried out to the configuration of the dielectric capacitor C at 750 degrees C in the oxygen ambient 
atmosphere of ordinary pressure for 1 hour for example, the phase change of the amorphous phase in the 
amorphous film 113 is carried out to the crystal phase of Bi system layer structure perovskite mold 
crystal structure, and the amorphous film 113 is crystallized. By this, as shown in drawing 24 , the SBT 
film 115 is obtained between the Ir film 112 and the Pt film 114. This SBT film 115 consists of a 
ferroelectric of Bi system layer structure perovskite mold crystal structure expressed with empirical 
formula Bix Sry(Ta, Nb)2.0 Oz (however, 2.0<=x<=2.6, 0.6<=y<=1.2, z= 9**d, 0<=d<=1.0). 
[0198] Next, as shown in drawing 25 , an interlayer insulation film 116 is formed on the whole surface. 
Next, etching removal of the predetermined part on the drain field 107 is carried out among an interlayer 
insulation film 116 and an interlayer insulation film 108, and a contact hole 117 is formed. Next, after 
forming aluminum alloy film for example, by the sputtering method on the whole surface, patterning of 
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this aluminum alloy film is carried out to a predetermined configuration by etching, and the wiring 
electrode 118 is formed. 

[0199] According to the above process, the ferroelectric nonvolatile memory made into the purpose is 
manufactured . 

[0200] In case the dielectric capacitor using the SBT film as a dielectric film forms according to this 18th 
operation gestalt, by using the manufacture approach of the dielectric capacitor by the 1st operation 
gestalt Remanence value 2Pr of the dielectric capacitor C Since it is remarkably improvable, the area of 
the dielectric capacitor C is 2 10 micrometers. When it becomes the following, a dielectric capacitor with a 
good property can be realized. By this, it becomes realizable [ the ferroelectric nonvolatile memory of high 
accumulation ]. 

[0201] Drawing 26 - drawing 29 are the sectional views for explaining the manufacture approach of the 
ferroelectric nonvolatile memory by the 19th operation gestalt of this invention. A stack mold dielectric 
capacitor is used for this ferroelectric nonvolatile memory as a dielectric capacitor which constitutes a 
memory cell. 

[0202] In the manufacture approach of the semiconductor memory by this 19th operation gestalt After 
forming to the polycrystal Si plug 110 according to the same process also in the 18th operation gestalt, as 
shown in drawing 26 The same process is followed also in the 3rd operation gestalt, and it is Ir02 as a 
lower electrode on an interlay er insulation film 108. Sequential membrane formation of the amorphous 
film 113 as the film 111 and the Ir film 112, and precursor film of SBT and the Ru film 119 as an up 
electrode is carried out. Patterning of the Ru film 119 and the amorphous film 113 is carried out to the 
configuration of the dielectric capacitor C of 2micrometerx2micrometer size for example, by the RIE 
method. Next, it is Ta 205 as a protective coat for example, by the MOCVD method to the whole surface 
so that the side attachment wall of the Ru film 119 and the amorphous film 113 may be covered. The film 
120 is formed. This Ta 205 The thickness of the film 120 is chosen as 30nm. 

[0203] Next, that side attachment wall is Ta 205 about the amorphous film 113 by which patterning was 
carried out in this way to the configuration of the dielectric capacitor C. It is in the condition covered by 
the film 120, for example, by heat-treating at 750 degrees C in the oxygen ambient atmosphere of 
ordinary pressure for 1 hour for example, the phase change of the amorphous phase in the amorphous 
film 113 is carried out to the crystal phase of the perovskite mold crystal structure, and this amorphous 
film 113 is crystallized. By this, as shown in drawing 27 , the SBT film 115 is obtained between the Ir film 
112 and the Ru film 119. This SBT film 115 consists of a ferroelectric of Bi system layer structure 
perovskite mold crystal structure expressed with empirical formula Bix Sry2.0 (Ta, Nb) Oz (however, 
2.0<=x<=2.6, 0.6<=y<=1.2, z= 9**d, 0<=d<=1.0). 

[0204] Next, as shown in drawing 28 , it is Ta 205. The film 120, the Ir film 112, and Ir02 Patterning of 
the film 111 is carried out to a predetermined configuration by etching. At this time, it is Ta 205. The film 
120 is left behind to the side attachment wall of the Ru film 119 and the SBT film 115, and they are the Ir 
film 112 and Ir02. The film 111 carries out patterning so that it may extend on the polycrystal Si plug 110 
and the interlayer insulation film 108 of that near. 

[0205] Next, as shown in drawing 29 , an interlayer insulation film 116 is formed on the whole surface. 
Next, etching removal of the predetermined part on the drain field 107 is carried out among an interlayer 
insulation film 116 and an interlayer insulation film 108, and a contact hole 117 is formed. Next, after 
forming aluminum alloy film for example, by the sputtering method on the whole surface, patterning of 
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this aluminum alloy film is carried out to a predetermined configuration by etching, and the wiring 
electrode 118 is formed. 

[0206] According to the above process, the ferroelectric nonvolatile memory made into the purpose is 
manufactured. 

[0207] In case the dielectric capacitor using the SBT film as a dielectric film forms according to this 19th 
operation gestalt, by using the manufacture approach of the dielectric capacitor by the 3rd operation 
gestalt Remanence value 2Pr of the dielectric capacitor C And since a leak current characteristic is 
remarkably improvable The area of the dielectric capacitor C is 2 10 micrometers. When it becomes the 
following, while being able to realize a dielectric capacitor with a good property, improvement in 
dependability can be aimed at. By this, it becomes realizable [ the ferroelectric nonvolatile memory of 
high accumulation ] . 

[0208] Although the operation gestalt of this invention was explained concretely above, this invention is 
not limited to an above-mentioned operation gestalt, and various kinds of deformation based on the 
technical thought of this invention is possible for it. 

[0209] for example, above-mentioned the 1- it may not pass over the ingredient and numeric value which 
were mentioned in the 19th operation gestalt, structure, a raw material, a process, etc. for an example to 
the last, but a different ingredient from these, a numeric value, structure, a raw material, a process, etc. 
may be used if needed. As electric conduction film which constitutes the electric conduction film and up 
electrode which specifically constitute the lower electrode of a dielectric capacitor in an above-mentioned 
operation gestalt, a thing may be used for what was illustrated, and a different thing. 

[0210] Moreover, in the 2nd and 4th operation gestalten, the fluorite film 9 as precursor film of SBT may 
be formed by heat-treating the amorphous film as precursor film of SBT for 30 minutes at 600 degrees C 
in the oxygen ambient atmosphere of ordinary pressure for example. 

[0211] Moreover, it sets in the 3rd, 4th, and 19th operation gestalten. Ta 205 as a protective coat It 
replaces with the film 12,120 and is HfD2, respectively. May use the film etc. and it sets in the 6th, 8th, 
and 10th operation gestalten. Y2 03 as a protective coat It replaces with film 29, 39, and 50, and is Ce02, 
respectively. The film etc. may be used, and it sets in the 17th operation gestalt, and is Y2 03 as a 
protective coat. It replaces with the film 69, for example, is Ce02. The film etc. may be used. 
[0212] moreover, 12th the 14- the 16th operation gestalt - setting - membrane formation of the 
amorphous film 60 and 66 as precursor film of SBTT - MOCVD " although carried out by law, membrane 
formation of these amorphous film 60 and 66 may be performed for example, with a sol-gel spin coat 
method. First, when forming the amorphous film 60 with a sol-gel spin coat method, it dries and a solvent 
is evaporated, after carrying out the spin coat of the raw material solution on a substrate. Next, after 
baking, for example at 350 600 degrees C, in an oxygen ambient atmosphere, by heat-treating for 3 - 30 
minutes at 600-700 degrees C, the phase change of the amorphous film 60 is carried out, and the fluorite 
film 55 is obtained. Next, after forming an up electrode on the fluorite film 55 and carrying out patterning 
of an up electrode, the fluorite film, and the lower electrode to a predetermined capacitor configuration, 
the SBTT film 57 is again obtained by crystallizing the fluorite film 55 by heat-treating at 650-800 
degrees C for example, in an oxygen ambient atmosphere. 

[0213] moreover - although he is trying to form capacitor structure in the 17th operation gestalt 
according to the same process as the 11th operation gestalt -- this - the 12- you may make it form 
capacitor structure according to the same process as either of the 16th operation gestalt 
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[0214] Moreover, in the 18th operation gestalt, although the manufacture approach of the dielectric 
capacitor by the 1st operation gestalt is used for formation of the dielectric capacitor C using the SBT film 
as a dielectric film, this can also use the manufacture approach of the dielectric capacitor by the 2nd 
operation gestalt. Moreover, it is also possible to use the PZT film, the PNZT film, or the SBTT film as a 
dielectric film of the dielectric capacitor C. When using the PZT film as a dielectric film of the dielectric 
capacitor C When the manufacture approach of the dielectric capacitor by the 5th operation gestalt can be 
used for formation of this dielectric capacitor C and it uses the PNZT film for it the case where can use the 
manufacture approach of the dielectric capacitor by the 7th operation gestalt for formation of this 
dielectric capacitor C, and the SBTT film is used for it - formation of this dielectric capacitor C - the li- 
the manufacture approach of the dielectric capacitor by the 16th operation gestalt can be used. Moreover, 
the manufacture approach of the ferroelectric nonvolatile memory by this 18th operation gestalt can also 
be applied to manufacture of DRAM by using the BST film as a dielectric film of the dielectric capacitor C. 
In this case, the manufacture approach of the dielectric capacitor by the 9th operation gestalt can be used 
for formation of the dielectric capacitor C. 

[0215] Moreover, similarly, in the 19th operation gestalt, although the manufacture approach of the 
dielectric capacitor by the 3rd operation gestalt is used for formation of the dielectric capacitor C using 
the SBT film as a dielectric film, this can use the manufacture approach of the dielectric capacitor by the 
4th operation gestalt. Moreover, it is also possible to use the PZT film, the PNZT film, or the SBTT film as 
a dielectric film of the dielectric capacitor C. When using the PZT film as a dielectric film of the dielectric 
capacitor C When the manufacture approach of the dielectric capacitor by the 6th operation gestalt can be 
used for formation of this dielectric capacitor C and it uses the PNZT film for it When the manufacture 
approach of the dielectric capacitor by the 8th operation gestalt can be used for formation of this dielectric 
capacitor C and it uses the SBTT film for it, the manufacture approach of the dielectric capacitor by the 
17th operation gestalt can be used for formation of this dielectric capacitor C. Moreover, the manufacture 
approach of the ferroelectric nonvolatile memory by this 19th operation gestalt can also be applied to 
manufacture of DRAM by using the BST film as a dielectric film of the dielectric capacitor C. In this case, 
the manufacture approach of the dielectric capacitor by the 10th operation gestalt can be used for 
formation of the dielectric capacitor C. 

[0216] Moreover, this invention can be applied to manufacture of the semiconductor device or electronic 
instrument which has a dielectric capacitor in addition to manufacture of a semiconductor memory like 
the ferroelectric nonvolatile memory which has manufacture of the dielectric capacitor of a simple 
substance, and a dielectric capacitor, or DRAM. 
[0217] 

[Effect of the Invention] As explained above, according to invention of the 1st and the 3rd of this invention, 
a lower electrode, Sequential formation of the precursor film and up electrode which use as a principal 
component the amorphous phase or fluorite phase which consists of a configuration element of a dielectric 
is carried out. By trying obtaining a dielectric film by heat-treating the precursor film by which 
patterning was carried out to the configuration of a dielectric capacitor, after carrying out patterning of 
an up electrode and the precursor film to the configuration of a dielectric capacitor at least The property 
of a dielectric capacitor is remarkably improvable. Even if it is the case where the area of a dielectric 
capacitor contracts, a dielectric capacitor with a good property is realizable with this. 

[0218] According to invention and invention of the 4th of the 2nd of this invention, sequential formation of 
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the precursor film and up electrode which use as a principal component the amorphous phase or fluorite 
phase which consists of a lower electrode and a configuration element of a dielectric is carried out. After 
carrying out patterning of an up electrode and the precursor film to the configuration of a dielectric 
capacitor by etching, the leak current characteristic of a dielectric capacitor is remarkably improvable by 
forming the protective coat so that the side attachment wall of these up electrodes and the precursor film 
may be covered. Moreover, the property of a dielectric capacitor is also remarkably improvable by trying 
obtaining a dielectric film by heat-treating the precursor film by which patterning was carried out to the 
configuration of a dielectric capacitor like the case of the 1st and the 3rd invention. Even if it is the case 
where the area of a dielectric capacitor contracts, while a dielectric capacitor with a good property is 
realizable with this, improvement in dependability can be aimed at. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing ll It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 1st operation gestalt of this invention. 

[Drawing 2] It is the approximate line Fig. showing the remanence value in the dielectric capacitor using 
the SBT film, and the thickness dependency of the SBT film of a coercive electric field. 
[Drawing 31 It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 2nd operation gestalt of this invention. 

[Drawing 4] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 3rd operation gestalt of this invention. 

[Drawing 5] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 4th operation gestalt of this invention. 

[Drawing 6l It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 5th operation gestalt of this invention. 

[Drawing 7] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 6th operation gestalt of this invention. 

[Drawing 8] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 7th operation gestalt of this invention. 

[Drawing 9] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 8th operation gestalt of this invention. 

[Drawing 10] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 9th operation gestalt of this invention. 

[Drawing 11] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 10th operation gestalt of this invention. 

[Drawing 12] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 11th operation gestalt of this invention. 

[Drawing 13] It is the approximate line Fig. showing the remanence value in the dielectric capacitor using 
the SBTT film, and Ti addition dependency of a coercive electric field. 
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[Drawing 14] It is the approximate line Fig. showing Ti addition dependency of the leak current density in 
the dielectric capacitor using the SBTT film. 

[Drawing 15] It is the approximate line Fig. showing Ti addition dependency of the temperature 
characteristic of the remanence value in the dielectric capacitor using the SBTT film. 

[Drawing 16] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 12th operation gestalt of this invention. 

[Drawing 17] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 13th operation gestalt of this invention. 

[Drawing 18] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 14th operation gestalt of this invention. 

[Drawing 19] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 15th operation gestalt of this invention. 

[Drawing 20] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 16th operation gestalt of this invention. 

[Drawing 21] It is a sectional view for explaining the manufacture approach of the dielectric capacitor by 
the 17th operation gestalt of this invention. 

[Drawing 22] It is a sectional view for explaining the manufacture approach of the ferroelectric 
nonvolatile memory by the 18th operation gestalt of this invention. 

[Drawing 23] It is a sectional view for explaining the manufacture approach of the ferroelectric 
nonvolatile memory by the 18th operation gestalt of this invention. 

[Drawing 24] It is a sectional view for explaining the manufacture approach of the ferroelectric 
nonvolatile memory by the 18th operation gestalt of this invention. 

[Drawing 25] It is a sectional view for explaining the manufacture approach of the ferroelectric 
nonvolatile memory by the 18th operation gestalt of this invention. 

[Drawing 26] It is a sectional view for explaining the manufacture approach of the ferroelectric 
nonvolatile memory by the 19th operation gestalt of this invention. 

[Drawing 27] It is a sectional view for explaining the manufacture approach of the ferroelectric 
nonvolatile memory by the 19th operation gestalt of this invention. 

[Drawing 28] It is a sectional view for explaining the manufacture approach of the ferroelectric 
nonvolatile memory by the 19th operation gestalt of this invention. 

[Drawing 29] It is a sectional view for explaining the manufacture approach of the ferroelectric 
nonvolatile memory by the 19th operation gestalt of this invention. 
[Description of Notations] 

1,101 ... Si substrate, 2,111 ... Ir02 The film, 3,112 [ ... Pt film, 6,115 / ... The SBT film, 9 / ... The fluorite 
film, 11,119 / ... Ru film, 12,120 / ... Ta 205 / The film, Q ... An n channel MOS transistor, C ... Dielectric 
capacitor ] ... Ir film, 4,113 ... The amorphous film, 5,114 
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[M*«4 8] JiBMKfMWi, XiETS15®BLbJc:B 

1, Sr. Ta, Nb^j;(f0^^i6r^7r^» 

2. 0^2 B \ / (Ta+Nb) ^2. 6, 0. 6^2 
Sr/ (Ta+Nb) SI. 2) «r»J«Lfc*, MMA 

9«?*SttSn <t£#«£^5fi*^4 6 

10 [HfeRqU 9 ] JiEl»*ffRW:B i . S r , T a . N 

ttfflttO. 6S2Sr/ (Ta+Nb) Si. 2. 1. 
7^2Bi / (Ta+Nb) S 2. 5, 0<2Ti/ 

(Ta+Nb) si. 0) T*tbz>^k&wmk-tz>mm 

20 *«:|B«^«tD»ig^ffi 0 

[is**5 1 ] xtB^y^^-r hft^a^^t^i 

\C Lfc r <h i -T S ft 5 0 1E*fe0>^*f«B«£S 

[«*«5 2] ±IB^«ffij«fi<D»(C % Bi (C 6 
H 5 ) 3 . B i (o~C 7 H 7 ) 3 , B i (0-C 2 H 
5)3, B i (O- i C 3 H 7 ) 3 , B i (O- t C 4 
H 9 ) 3 :fcJ;t>*B i (o - t C 5 H n ) 3 frbteZmi 

30 Sr (THD) 2 . Sr (THD) 2 ^h^^yA^oJ; 

XfS r (Me 5 C 5 ) 2 * 2 TH F J^fefc^jfj 2 (Dm X 

0 al«Jx*:^ft < <b t> 1 a*co^f« AJRHRiR. ^ , T i 
( i -OC3 H 7 ) 4 N T i O (THD) 2 *5j:trr i 
(THD) 2 ( i -OC3 H 7 ) 2 ^b*S»3C0l¥J: 

t> mt£ti1t'J?ts: < b h 1 Si(7)^i#Il^ Ta 
(i-OC 3 H 7 ) 5 , Ta (i-OC 3 H 7 ) 4 TH 

D.Nb (i-OC 3 H 7 ) 5 *5j:t/Nb ( i - OC3 

h 7 ) 4 TH&frbtezminmxvm&tifr&teK t 
40 im&tsh ^mt^js* b m& ^tzM&if* *%Lfcji* 

5 3 J _blB*!f«Bfls:«S«_hiBT8P««i_b(r B 
i. Sr. Ta x Nb. T i*5j:t;0^e>4Sr*;U7 

H^O. 6S2Sr/ (Ta+Nb) SI. 2. 1. 7 
S2Bi / (Ta+Nb) S2. 5. 0<2Ti / (T 
a+Nb) SI. O) SrMLfci, ^^SII^ «t «9 XfB 

T*/U7r^*BS:7/w*9^ hffi(-ffi^t$^5 C b \z 

50 ± b&wmb-tz>m&m4 emm^^-m 
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^3 0 0°CJ£Ui5 0 OT,UT<Dm&W&X*f&mrfZ>& 0 

Ilt*«5 7] ±K4Kfr*fctit§k<r>m\Z % Bi (C 6 
H 5 ) 3 , B i (o-C 7 H 7 ) 3 . B i (0-C 2 H 
5 ) 3 . B i (O- i C 3 H 7 ) 3 . B i (O- t C 4 
H 9 ) 3 i (O- t C 5 H n ) 3 ^bftSftl 

<om <t 5 »jflxfc'>* < -t 1 1 mm<Dmm^mmm t . 

Sr (THD) 2> Sr (THD) 2 Th7^yA^J: 
(/Sr (Me 5 C 5 ) 2 • 2 TH F ^foftSJB 2 J: 
«9 »tf*Lfc^* < fct> 1 «»<^«&J|»jBC** £ x T i 
( i -OC 3 H 7 ) 4 , T i O (THD) 2 *5it/T i 
(THD) 2 ( i -OC 3 H 7 ) 2 3 «fc 

(i-OC 3 H 7 ) 5 . Ta (i-OC 3 H 7 ) 4 TH 
D. Nb (i-OC 3 H 7 ) 5 jSit^Nb ( i - OC 3 
H 7 ) 4 THD^P>&£fS4<Di¥J; «9»«ix/c^^< t 

[11**58] ±.m<k^mf&m<Dm^ Bi (c 6 

H 5 ) 3 , B i (o-C 7 H 7 ) 3 % B i (0~C 2 H 
5 ) 3 . B i (O- i C 3 H 7 ) 3 % B i (O- t C 4 
H 9 ) 3 43 J:tfB i (O- t C 5 H n ) 3 f^htH^m 1 

SrTa 2 (OC 2 H 5 ) 12 joJ:t/S r Nb 2 (OC 2 
H 5 ) 12 ^f>^5«2^)»J: D»tf*tfc^ft< £fc l« 
S<Z>W«&«JKff£. T i ( i -0C3 H 7 ) 4 N T i 
O (THD) 2 jo^t^T i (THD) 2 ( i -OC 3 H 
7 ) 2 a*£>ft53S3tf>#J: 9«tf*Wt*J>&< tfc Hi 

U ^:OJKT-mj?g:Jt<OffifflfiO. 1 ^ Z r/Pb^O. 
6, 0. 4^Ti/Pb^0. 9) -CfoZ-t&ftmt 

[S*56 0] ±fEHuKftt«l*Pb, Zr, Ti, N 
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(fc/:U -tOJK^-Hrtit^ftllWE 0 . l^Zr/Pb 
^ 0 . 6, 0. 4 ^ T i/Pb^O. 9, 0. 03^N 
b/Pb^0. 3 0) t?*)5:t«:»|[^t-5»*54 

[it**6i] ±.mmmfcmn& a. sr, Ti^j; 

U -t^lS^iftriKJt^jSHJio^s r/T i ^ 1 . 0, 
O^Ba/Ti^l. 0) "Cfc5^tS:1#ttt5»* 
*g4 6 lEftO^ftfSttSSlt^Kjg^feo 

[HM6 3] _hlB^>fL;^^#ia^^T^^^^ 
5 0 orj^^g 0 ox:£iT<?>WL&x*n? x 5^Lfcr £ 

[fif*«l6 4] Jil5^m^^r^^^>^C0^{C^^ — 
20 0t^±9 0 0 WT^)MT»SLf:i, IMbtttf 

^#HM^-C5 0 oT;j!^_h9 0 ox:£iT<offi.&xm$&m 

~ v ^ £ ttfc±iEHusg#:jK^. mmtfx»mm.*x5 0 

0 . 5 %K±*tf ■Mfctt^/^ ^3 0 0^16 

0 0 *c uT<DE.&xm&m~r z> xoic^tz^k t 

^>^^nfc_hfEtu^#:J^$r, 1 0 0 T o r r J^T<£>^ 

EE#Hft»t»-e5 0 orj^_t8 0 o^JWT^iaaE-eHft^a 
T30 ome 0 ox:£AT<Dm.mxmtdm'tz>£?K 

6 7 ] _tIBfi«#:K<7>jp $^2 0nmi^±2 
0 0 nmaTt*)5 r. ir«r«F«^-t*5ai**4 6|Bttco 

50 lB»«*^^^v^(Z>«f«^^-^>^"r*XS4:, 
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[«*S6 9 ] ±B*MR{fcKttB i.Sr.Ta.N 

2. 0^2Bi / (Ta+Nb) ^2. 6, 0. 6^2 
Sr/ (Ta+Nb) £1. 2) -CfcSr t*«F»tt 

ii*** 7 o ] ±mmmt£mte. ±MTtzmM±\c b 

1. Sr, Ta, Nb^t/O^b&ST^A^x^ffi 

2. 0^2Bi / (Ta+Nb) S 2. 6. 0. 6^2 
S r/ (Ta+Nb) £1. 2)«ft*US:«, 

[«i**7 1] J:IB8(f«ffgRiB i , Sr.Ta.N 

b, t i io<tr5o^^*sr^/w7r *ffl£fcte:7/u;t- 
7^ Me^»tt5jR (fc*!U *(D«^jftjSJfc*> 

jEBJSO. 6^2Sr/ (Ta+Nb) Si. 2, 1. 
7 ^ 2 B \ / (Ta+Nb) S 2. 5, 0<2Ti/ 
(Ta+Nb) SI. 0) -Cfc5ri:S:«pt^t5!»* 

7 2 ] JiESMEftWtt:. ft*««rit*«fe^ J: 

fc±0»ja*:|xa::i: £4#m 4: *T *5t#9[ 7 l |B«0>¥ 

£40 ormie 5 or^r^ii^g-e^it5 J; 9 

[»*3B7 4] ±lEte^tl/£^Kl-, Bi (C 6 
H 5 ) 3 . B i (0-C7 H 7 ) 3 . B i (0-C 2 H 
5 ) 3 . B i (O- i C 3 H 7 ) 3 , B i (O— t C 4 
H 9 ) 3 &£XfiB i (o- t C 5 H n ) 3 frbftZmi 

(Dmz*) mtitiit'jrte <thi mm<omm&mmmk . 

S r (THD) 2 . S r (THD) 2 ^ h^^y 

t/S r (Me 5 C 5 ) 2 * 2 TH F J&>£>ft£^ 2 <7># J; 

(i-OC 3 H 7 ) 4 . TiO (THD) 2 ^£^T i 
(THD) 2 (i-OC 3 H 7 ) 2 J&> b 5 !B 3 0># J: 

(i-OC 3 H 7 ) 5 , Ta (i-OC 3 H 7 ) 4 TH 
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D, Nb (i-OC 3 H 7 ) 5 :&J;£/Nb ( i -OC 3 
H 7 ) 4 THD^P>?SSJB4 0»J;fJW^nfc^*< 

# £ * b icWfbtttf * £ L teKfolf* 
t LTffiV^r <h 4:i- 5» *^ 7 2 R«tf>¥*#: 

[mi#5 7 5 ] ±mmmitmte±mTi®mm±^ b 

i. Sr. Ta, Nb, T i jocfctfO^&ST^/l^ 

10 fflteO. 6^2Sr/ (Ta+Nb) Si. 2. 1. 7 
^2Bi / (Ta+Nb) S2. 5. 0<2Ti / (T 
a+Nb) Si. 0) WL«i S»«ya^J;!9±B 

7 6 ] JiBttWHRtt. fl^*WBrii*85lc «fc 

20 ^**fc 0 

lt»*«7 7) ±8ET^7r^tBSr±fife^i:i-S« 
£3 0 oW_h5 0 Ot^T^^flMt^It^J: b 
[z\_ti-b ItmW. k -T 5ft #K 7 6 iB*^¥**ME«S 

[1**17 8] _bfS^S£6 0 or&LL8 5 OTO 
T©«*t?«5 J: 5fcLfcr 6 1**17 6 

[ff^7 9] JiBte^ffijfcR^gRfc:, Bi (c 6 
H 5 ) 3 , B i (o-C 7 H 7 ) 3 , B i (0-C 2 H 
30 5 ) 3 . B i (O— i C 3 H 7 ) 3 . B i (O— t C 4 
H 9 ) 3 ^o^O^B i (O- t C 5 H n ) 3 frhttZmi 

<Dmx*) m&*iit'j>t£ < t i> i wm<o^m&m$mk , 

S r (THD) 2 ^ S r (THD) 2 f h7?V J±1$J: 
(/Sr (Me 5 C 5 ) 2 • 2 TH F ^5>*5SB 2 <0»«t 

*) »«*tfe^* < 1 1> i mm^mm^mmnk , t i 

( i -OC 3 H 7 ) 4 . TiO (THD) 2 *dJ;I/T i 
(THD) 2 ( i -OC 3 H 7 ) 2 a>&&59S3 

(i-OC 3 H 7 ) 5 ,Ta (i-OC 3 H 7 ) 4 TH 
40 D, Nb (i-OC 3 H 7 ) 5 *5j; WT b ( i - OC 3 
H 7 ) 4 THVfribt£Z>%Z4<Dm£*)m$£fltc'Ptt:< k 

[MM8 0] ±Kft*«4i*ftoBi^. Bi (c 6 
H 5 ) 3 . B i (o-C 7 H 7 ) 3 , B i (0-C 2 H 
5 ) 3 . B i (O- i C 3 H 7 ) 3 , B i (O- t C 4 
H 9 ) 3 £>J;t/B i (o- t C 5 H u ) 3 1 

(Dm X 9 ■tfiifc^ft <tfcl «B<oWaH^JRJR»i: > 

50 SrTa 2 (O C 2 H 5 ) 12 *d £US r N b 2 (OC 2 
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m<D&m&mmwt, t i ( i -oc 3 h 7 > 4 . t i 

O (THD) 2 *5j;t/T i (THD) 2 ( i -OC 3 H 

7 ) 2 ^^>^sm3<D»j;0ji«nfo^< thimm 
[»M8i] ±mmmfcmte p b , z r> tim 

U -^^^m^it^ffl^O. UZr/Pb^O. 
6, 0. 4^Ti/Pb^0. 9) T^^r^^ft 

[W#*8 2 ] _hfeHU^«(i Pb, Z r , T i N N 

b *5 X tfofrb ft 3 r r «t±je£$> 4: K 
(fcfcU ^c01R^ia*lt^)ttfflfi0. l^Zr/Pb 
^ 0. 6. 0. 4 ^ T i/Pb^O. 9, 0. 03^N 

b/Pb^o. 30) Tfc^r^^a^t^iMe 
i»#*8 3 ] ±mmmtemn& a , s r , Ti^i 

U ^r^^F»fiS;Jt^J5B^o^ S r/T i ^ 1 . 0. 
O^Ba/Ti^l. 0) -Cfc5^££W*£1-5»3fc 

[ffM8 4] ±E«liiiSrTa 2 O e , Ta 2 
0 5 . N b 2 0 5 . Z r 0 2 > C e 0 2 . Y 2 O3 

ft*-*-* J: 5 lc Lfc £ £ 6 8 fE*c7) 

5 0 0°C^X±.9 o 0t^TO^T^5 J: 5^LfcC^ 

[«W£«8 7] ±l5il*#:^^^v'^60^S^^- 
X^fflfa^T'S 0 O'CJgJLhQ 0 0 < Cl^T^ffl*-el»«L3Ei 

[fj|**g8 8 I ±!5il*#:^^^^^<D^t^^- 

^^^^tt^^sastr^iKSr, 5 0 

0°C£LL9 0 orJBJLT^fflft-ClR^ab^, 

0. 5%&±^t*m4k&tfx&mn*X3 0 otw±6 
ff#fflM*T-5 0 o°cj£jll8 0 o^T^iaa-cHft^s 
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-C3 0 orj^Jie 0 ox:&T(omMx+mt!imi-z>£?iz 

9 0 ] ±iSR«fls«0>ff ^^20n 2 
0 0 n m«T-efc 5 r i: t Sf»*S 6 8iE*c<D 

[000 1] 

mm Ltffiit)©tfcSo 

[0 0 0 2] 

iooo3] a*. s<w7x*>( bmms*mm<omm# 

fcWILfcfc (RIE) 
[0 0 0 4] 

b ft s HM^i v ^/ciim^^ y bTts 

<vm\-, mnitm(Dtoj:mmc&\,^xm7£7cm&^iy<f' 
^yzntz.*) mmxmt^^E-r ^> ft 4f l 

^ ^v^^ <D#tt^¥ L < £lk-rZ> k V ^ 3 BBHtfSfc 
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[0 0 0 5] ifefc. V^vzf^jJ-J 

£M ^- y tc^^xmmfc*^s<i/?<Dmm& 1 0 /i m 2 

9 ^ ft P*^ t ft ot^fco 
[0 0 0 6] LfcflSo.T, r<3O|g0^<DgW(^ 

[0 0 0 7] ^co^P^cofttl^g{^(i. ^<n-f^^ hm 
[0 0 0 8] 

xat. «rKft:l«_b{cJiaj»K4r»«-*-SXfii:, '>ft 

*cv<is* <ommzs< z—^-is? * nfcWKff BSSrSKwa 

[0009] r comw 2 co^pjfi, ^u^m?-* h 
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^ <DMmzs<? — =- > ^ $ thtz_±Mwmte x x$m 

[0 0 10] HCO^^(7)^3^^^ s -<u^X^j^ h 

10 ig| 0 M^llW^/^ilM^ffi^fcllft:ar 

Sir, W«*«±Jc»«fr^ir^^v^<oJi»*«*r»fi8 
tSlSt, '>ft< t fc±«fl5««*3J:WWr*tMt«r^y 

[0011] ^<Dmw<Dm4(Dmm^ ^p^^f 

te^Ao*-^ htt*^fiR^i:"t-4«rBf*:|UIS:»rti-SX 
at. MK^JRJi^RKfr^^^^v^oJiSPWffi^jBft 

«9 -Ys<i/# <DMm^'<? — ~ >- y-r 6 xa t . 

*sxxmmwm<ofHt&m5iL ? \z.9kWKt*mi&+z>T. 
at. mm#**'<i<'*<Dmvt\c'<**- & 

[0012] MrBflcKtu-ctt, A 

40 SWf-fi. Bi N Sr. Ta. Nbfc^TO^b^ST 
(Ta+Nb) ^ 2 . 6. 0. 6^2Sr/ (Ta+N 

b) ^ 1 . 2) ^i^ti^.c ^(DiftmWWk 

&f&%m-rZ>^tfc£ n . |£^^:B i x S r y (T a z 
Nb l-z > 2. 0 °w (^^L.^ 2. 0^x^2. 6. 
0. 6 ^ y ^ 1 . 2. O^z^l. 0. w=9±d. 0 
^ d ^ 1 . 0) ti^H^BilltM^n^*^ 

hm&M,ffi&<D&mmm*btezmmfcm (sbtd 
50 *s#p>ttSo r<osBT<oatr«flc«itt, T^mffi 
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JitCBi. Sr. Ta, N b 3o XTfOfrtbftZ* T^;V7 

Btt2. 0^2Bi/ (Ta+Nb) ^2. 6, 0. 6 
^2Sr/ (Ta+Nb) ^1. 2) Sr**Lfc«. % 

[0 0 13] ^OlgWJcfc^T. iMBfMRi: LTtt. B 

1, Sr, Ta. Nb. T i £> XXfOfrbftZ T^/V? 

U -t^lS^jfijftlt^iSiaiiO. 6^2Sr/ (Ta + 
Nb) ^1. 2. 1. 7^2Bi / (Ta+Nb) ^ 

2. 5. 0<2Ti/ (Ta+Nb) ^1. 0) IrfflV^ 
"CfcJ;V\ IWB i, Sr. Ta. Nb. TiioJ;{;o 

l£f*, 0. 7^2Sr/ (Ta+Nb) ^1. 0. 2. 

0^2Bi / (Ta+Nb) S 2 . 4. 0. 0 1 ^ 2 T 

i/ (Ta+Nb) £1. 0fc:»S*U 2Ti / (T a 

+ Nb) iCiLtlt J:»9»5i^JiO. 1^2Ti/ 20 

(Ta+Nb) £i. oi:l«ti^ a ccoM 
^M^lt^^^i^J: 9. «Sr x Bi 
y (Ta, Nb) 2 .oTi z O w (fc^L. 0. 6 ^ x 
^1. 2. 1. 7 ^ y ^ 2. 5. 0 < z ^ 1 . 0. w = 
9±d. O^d^l. 0. JHIfcltt, 0. 7^x^l. 

0. 2. 0 ^ y ^ 2. 4 . 0. OUz^l. 0, w = 
9±d. O^d^l. 0, ZQfpmiZttL, 0. 7 ^ 

1. 0. 2. 0^y^2. 4. 0. l^z^l. 0, w 

= 9±d, o^d^i. o) -e^£*t£B i zkmtkmm 

(SBTTI) ffifttbtlZo ^(DSBTTComm 
fcm&, Tgpm^_hiCB i . Sr. Ta. Nb, T i *3 

U -ta>lB^»lS;Jt^«HJiO. 6^2Sr / (Ta + 
Nb) ^1. 2, 1. 7 ^ 2 B i / (Ta+Nb) ^ 

2. 5, 0<2Ti / (Ta+Nb) £l. O) 

fft>tl& 0 40 

[0 0 14] £0>3Mifc*5l^-C. mflg#:^^bT 

te, Pb, Zr. T i *3j;TO^b^S7W7r^ffi 

0. l^Zr/Pb^O. 6. 0. 4 ^ T i/Pb^ 
0. 9) . Pb, Zr. Ti^iTO^P)^ 

m^itOigfflfi 0 . liZr/Pb^O. 6. 0. 4 ^ 
Ti/Pb^O. 9, 0. 03^Nb/Pb^O. 3 

0) SrJflwrfcit*. BtrK^BtSr^a-r 

*K «&^P b 2 o (Zr x Ti H ) 10 50 
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0 3 (fcfcU 0. l<x^0. 6) -C**ix^^n>^ 
h^M B e B *^^iim^^^^Mm*JK (PZ 

<ticj;«9. HMPb L0 _ y Nb y (Zr x Ti H ) 
1. 0 °3 ft^U 0. l^x^O. 6. 0. 0 3 ^ y 
^ O. 3 0) tS^^P^*^ M!*£iSMP**t<£>S? 

&«^K«frK (pnztI) *«»&ix6. 
[0 0 15] ±3* Lfcrix 6 ^Ht*^ 

[0 0 16] r<&»w^*5^-c\ firl«fcM<h LTte. s 

Ba. Sr. TiioJ;t;0^f)^57W777 
O^Sr/Ti^l. 0, O^Ba/Ti^l. O) £ 

£fC<fc 9. m&iS: ( Ba x Sr l-x> 1.0 Ti 1.0°3 
tef:U o^x^l. 0) -C**ix-5i«il«f*:^e>* 

(BSTI) a*#&ix*. ro^mflsw. 
[0017] r(7)^0j(c^v^r, ffircttKtt. 

[0 0 18] rco^P^^ioV^T, **&lfti£#5i§«{*«l 

Mii, «x.«4 O o'CJBJLhe 5 0 < CJKT^fiS;lllia£t (£ 
ffilt) "CJBKlR^n, ^fc, ^Jilfl-lOTor r(Z) 



rf. B i (C 6 H 5 ) 3 . B i 
i (O-Co He ) q . B i 



(o -C 7 H 7 ) 
(O- i Co H 7 ) 



B 
B 



i (0-tC 4 H 9 ) 3 ^dJ:^B i (o-tC 5 H n ) 

3 fabfzzmi&mxvm&titc'pteK th imm^ 

m&mmnt, S r (THD) 2 , S r (THD) 2 
h 7 ^ y ^ (tetraglyme) (THD : 2, 2, 6, 6-Tetramet 
hyl-3, 5-heptandion,C n H 19 0 2 ) 3ocfcU*S r (M e 5 
C 5 ) 2 • 2THF (Me=CH 3 . THF-r h ^ fc 
Kd77» ji>P>ft5*2oSJ: ^31(mfc/>/^< <t ^ 
lWS^ttl^llS^i:. T i (i -OC3 H 7 ) 4 . 
TiO (THD) g^iOTi (THD) 2 (i-OC 
3 H 7 ) 2 ^^*S»3(Di¥«}:«9 5StftLfc^^< t fc 1 
«*^*"«^JRJ[SWt> T a (i-OC 3 H 7 ) 5 ,T 
a (i-OC 3 H 7 ) 4 THD, Nb (i-OC 
3 H 7 ) 5 *5j;tWb ( i -OC 3 H 7 ) 4 THD^P) 

[0 0 19] l£t^ t»»l:#6»i(W3&SSBTTB 
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ItfcS, Sfttt^fIS^x*Mt§r tic J; 9 

nBte. ^J^tf 3 o or^_b5 o or^Tojsmtia* (* 
rt6 o ormis 5 ox:$AT<om.mx\ m*-tZ3 o#~ 

1 2 05>PltT9o Rj&JfXklsXte* #lx.l£, B i (C 
6 H 5 ) 3 . B i (o-C 7 H 7 ) 3 , B i (0-C 2 
H 5 ) 3 , B i (O- i C 3 H 7 ) 3 , B i (O- t C 
4 H 9 ) 3 *3j:tfB i (O- t C 5 H n ) 3 3&>bft«* 

Sr (THD) 2 > Sr (THD) 2 rh7^U 
^it/Sr (Me 5 C 5 ) 2 * 2 TH F 2 CD 

i ( i -OC 3 H 7 ) 4 , T i O (THD) tfS&TJPT 20 
i (THD) 2 (i-OC 3 H 7 ) 2 ^45S30p 

«fc *> nm/c^^ < t t> i nm&mm&mmm t , t a 

(i-OC 3 H 7 ) 5> Ta (i-OC 3 H 7 ) 4 TH 
D, Nb (i-OC 3 H 7 ) 5 *5<fctfNb (i-OC 3 
H 7 ) 4 THD^b4S*40» < l; DI(m^>^< £ 

5:011 B i (C 6 H 5 ) 3 . B i 

(o-C 7 H 7 ) 3 . B i (0-C 2 H 5 ) 3 . B i 
(O- i C 3 H 7 ) 3 . B i (O- t C 4 H 9 ) 3 
(/Bi (o-tC 5 H n ) 3 W45»l(OSJ:91« 30 

2 (OC 2 H 5 ) 12 *smrNb 2 (OC 2 H 5 ) 12 

9 atfixfc^ft < * 1 1 wm^mm&mmmt , t i 

( i - o C 3 H 7 ) 4 x T i O (THD) 2 *3«tt/T i 
(THD) 2 ( i -OC 3 H 7 ) 2 3&>e>#5» 3 

[0020] w(7>«w8-*5v>r«. »s«{ttBS4:#5;fcae> 

°C£LL9 0 0°CJ[UT. »St-ii6 5 O'CRiiS 0 OTO 

* * ^ v * co^ic^> ^ - ^ ^ ^ ^ tbtcffimftm 

^^#H^^T*5 0 0«CJBLb9 o otsir <om. 
g*-e5 o o°C£i±9 o o^«T^fi*^!»«yiLfc 
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5 1/ Hi. 1 0 0 T o r r T IS 5 0 0 °C 

5%j^i:^t?^>ffc:ti^#ia^*X3 o ot:a±6 o o 
x:£kT<Dmmxm%m u x t j: v \ 

[0 0 2 1 ] ;:<Z>*lfifc:*5^X, SS«£J»<£>JfE£te, #J 
il^2 0 nmJ^±2 0 0 nm^TCl^tl^o ^<£>g£« 

ll:ii2 0 n infill 0 0 n mJ^T^jl^tt. £ hiC^ 
8 Onm^TI^Km^o 

[0 0 2 2] r.<05l^<0^1^PJ*5^^3(D|g§gtC 

[0 0 2 3] r CD^mcom 2 <D^^*3 i: tj^ 4 <D$&m \Z 

Tfi, RK«:|||(0#fig7C*iCffi:CX, SrTa 
2 O e , Ta 2 0 5 . Nb 2 0 5 , Zr0 2> Ce 
°2 - Y 2 °3 *fc»*H£ 0 2 ^fflV^btt^) 0 

[0 0 2 4] ±»<o«t 5^«ricSJxfc^<o»W<o*i* 

/V77^tl*fcii7;^7^ htBSr^n^^^r 
[0 0 2 5] ii^co J: 9 {^m^; ^ nfc r <d$&W com 2 (7) 
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10 0 2 6] 

ItM^LTSBT 20 

[oo27] mid, ^^(Dii^iifita^ 

[0 0 2 8] oHJ6^{cJ:-5«*ft:^^^v / 
^co«5S*ife^*5V^«. £i\ Eli Aic^i-J: p^. 
agmtecDS iSSl-bt-. «*.tf^<y^y^^«feldJ: 30 
^ifi«^#-C, T^mmtl^XCDl r0 2 l2^(/ 

1 r JK3^Dli*j^;jR^6 0 rrr% I r0 2 I2«f 

te#?lxJ^l 0 0 nml^XtftU I r K 3 tOJKff te0Bx.fi 

2 0 0 nmiCjl^n^o 

[0 0 2 9] I r JK3 XJC N ^^(^MOCVDjfe 

^ J; 9 . f H^l S B T^M5uit^^ S r , 

<DT^;v7T*m4&tfmrtz> 0 Mttmaz, i ri3 

^-CfilcS^LfcS i It 1 l&ttMOC VD^g 

(DK^m. (f&mm ^tt7 p ^±rattT4oo~6 40 

(C 6 H 5 ) 3 s S r (DPM) 2 ^ h 7 ^ V A (tetr 
aglyme) (DPM=^^PW^^-h) jo^t^T 
a ( i - OC 3 H 7 ) 4 DPM^fMMfi^ 

tit><ommM&i 000 9 (-IxaET Lt 

Ej£*<z>iiM&-eiifc* 1 0 0 o s c cMoii^^ £ 

0. 1 — 5 0To r r (DRfetfX&jjX&Jfc&ff 5 o - 50 
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ixiCioT. S BT<£>?!ijigft:J^i: l,X<DT ^e;V7 7 

1 5 Onm^IliX lS^»^tt:^«SHti. 0»Jx.tf, 
2. 0^2Bi/Ta^2. 6, 0. 6 ^ 2 S r/T a 
^ 1 . 2{da!fX*x6o 

[0030] jfcM, r<DT^e^^T^JK4_b(c N fli&tf 
*^*y >^«fejcj:oa»<o*fl=-eji«««t it^ 

PtRS^RtSo rcop tffi5(OJKJ¥^Jx.«i o 

[0 0 3 1 ] m 1 B iC^t" ct 5 Ptl5, r 

^yi/7r^l4, I r^34oJ:t/I r0 2 J^2£r. 0»Jx. 
JiR I E 9. Wiif2 /imX 2 limOt^XwR 

[0 0 3 2] ^<D£ Ji^Ltll^t^^© 

ffl-JEOlfe^ia^^^^V^^J^tf 7 5 O^-CINfW* 
MltS^^r^i; 9, 7W7r^l4^©7^7 7 

tt^tBSSflSS*, 7 7 ^ti 

\cx^x, mi ci£7F-r&5\^ 1 ri3fcj;t;pti 

Bi x Sr y Ta 2 . o°z . Ofcf- U 2. 0 ^ x ^ 2 . 
6, 0. 6 ^ y ^ 1 . 2, z = 9±d > O^d^l. 
0) -C*SttSB i**«WI»-<a^*>f h3ttt*« 

[0033] m^. m 1 D\z.7F-r£ ? t-. ^®(csra*6 

7a«r»*t5« ^B^Wx-ii*^* * y V^jfe 

[00 34] JWJtOXgUiJ; 9 , ^«£JK£ USBT 

[00 3 5] £x±.<v£.?i l z.i^xm&£ftfcmmi£*r^/* 

isXttm (p) -mm (v> ^^v^^^m^tzt 
^> (««^««o 2P r t it, 2P r 

= 10~2 5/zC/cm 2 ^{f^tibn/'o r0 2P r 

ttl^LT, ^*^#>i:^#{w. r*;V7r^i4Sri 
Mt § r t l^<t felft LT S B Ti 6 «r#tt, r 
WSBTR6±iCPtjg5^SSL, ^^i, Ptj^ 
5 X SBT16, Irl3joJ:I/I r0 2 l2^x^f 

*^^^v'^<7>«ie^*«2 P r lilO/iC/cm 2 ^ 

*'<is*<o»mjj&:&mmirzzk\c£*), sbt» 
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[0 0 3 6] ::t\ z<Dmm** j r'<i>'#<oft&<ns 

BTJK6(^KJ9tfe#tttCOV>T#lS-r5o B2tt, SB 

FfefcJ: «9J*I«Lfc££(E> N SBT»S6<Z>BW 
^I^S«2P r t<DBB»i3J:r5SBTllt6(0«Wt 
JrCa;#2E c ^<^BI««r^-t- 0 0 2«fc*K SBTI6© 
If^5 0-1 lOnm^^C 13-14/iC/c 
m 2 g£<ai«V^e$MSte2 P r *3j;tfl OOkV/c 10 

SBTBI6(D|KJ¥^4 0 nmMT-efcoTt 

ft#i»S»*l2P r *5J:rm«*2E c 

V^-Ctt, S B Ti 6 ^ifMf 2 0 n m|^± 2 0 0 n 

ii. COS BTl6(Olfli2 0 nm.£LLl 0 0 n mJ£Jl 20 

:OSBTJfi6Wlff(i3 0 
nmJ£JLh8 0 n mJ^T £ i"5 n ^ 9 LV ^ fi 

[o o 3 7] £x±<d£ r^ioiifKaii 

£5Sig-r68R^ I r 0 2 12 t I r!3 ^i^ftST 

T^^^r^)^4 ^ooT^e/^^r ^tBSr^n^^^-Y h 

Sltm, t^*ft«^M:^U-C, «S4>««2P r 40 
gi^t^V^^Ii^l 0//m 2 SIT (I^J 

-m. 2^111x2^111) jc«|/hufc*&-e*)o-ct>. # 

[003 8]i3il rW^(Z)^2^WI(Cj:6 
[0 0 3 9] r<75*2<©*iS^«B^«tS»«*^^^^ 

«fc*l8^*3»Si:ra*wxa^f£oT. Silill 50 
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[0 0 4 0] #Ct^ 7^77^14^ ^Jxt^RTA 
(Rapid Thermal Annealing ) jSt-J: "9 7 0 0-800 

■CT3 0#rafR^3®i-^>r 9. :(DW7r^ 
£ 0 ctU-J:^ H3Bir^-rJ:5(-, I rlS3l(:s 

r. Bi, T a$5&TfOti*t>%:Z>^ S B T CO ntimfcm t 

«9(DRJ¥«ffi|x.«l 5 0 nmlzm&tl, JSC^*&j£Jfc<£> 
ttfflJi, 0llXL«. 2. 0^2Bi/Ta^2. 6 X 0. 
6^2Sr/Ta^l. 2 CW'tl^o 

[o o 4 i ] #ctc HI 3 ctc^-TJ: pic:. :w7/i^t7 

#7?_L«B««^b-COI rIl0Mt6 o r<7) I r 

Rl ooKflfttWitfl 0 0 nml^ltfixSo iki;:, I 

rllO, 7/Ut7^bi9, Irl3^t;ir0 2 
m2&, Mx.tfRIEfe|I<J;^ #J?cr£ 2 /imx 2 Mm 
GDIM* XcDSf -r ^ * * — - > f-t 

[0 04 2] ^tC, CcOcfc 5 l-uxSi«^^^^^v^^co 

i%j£<Dmm&a&wz&\,*xmx.&7 5 otti^i 

Mit^^^ia <9, :©7A<*5>f M9f©7/I/* 

«S«tcffi3E^k:S^ 7;^7^M9^SW5 0 
:tiiaot, IH3D^^i-J: I rj^3^J;t/i 

rBl0^l:SBTi6^f5o r<7>SBTjg|6te:. 
|l^Bi x Sr y Ta 2 . 0 O z (fcfcl, 2. 0^x 
^2. 6 N 0. 6 ^ y ^ 1 . 2. z = 9±d, 0 ^ d ^ 
1. 0) t?*^tlSB i*i««»^P^*-f hitt 

[0 04 3] SB l <DmM5MteK*stfZ> t »I 

scftot, B3Et»tj:5c, mmn&mm i . ^> 

9, tTSBT^ll^lW^t^ift: 
[0 0 4 4] £l±.(D£ 9 i- LT»at£;ft,^«{fc*^ 

T2P r =10-25/iC/cm 2 £>;ftfc 0 - 

(7>2P r tesBTm&m^^fzmmfc*^'^? t vxa 
ftif ft«-e*> «9 , s i s« i &ii LfcSi^-e# 

JK 9 SrSRflyffi-r s r. <^ (c «t 19 ltsbtI6 ^# 
tzM, CC0SBTjR6_htCI rJRl 0tr«BlU 

IrilO, SBTI6, I rl3fci:t;i r0 2 

^4 x<Dmmw*^s<^?<D%tmftmm2P r mo* 
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[o o 4 5] £Lh<7>j: 5 k, r cob 2 (Dmrnmrn^ x n 

Sr»Bfii-£IRl-. TSi5m«i: LT(7D Ir0 2 l2Hr 
13, SBT(7)iIft:IiLt(07;^7^ M9^J: 
tf±gB«ffi£L-Ctf>I rll 0£«&*£«SU ^ftb* 

ii:SiSft:R£ LT(7)SBTi6^?)J: 9i-tti^^ 
[0 0 4 6] H4I1, ro*W<z>»3^Ms»*^J:S 

[0 0 4 7] r<Oj(S3^||J6»«{Cj:SBI«i*:^r^^^ 20 
^^»5S*tSfelc*5V^TIi, H)4 Aic^-Ti: £5 1 <£> 

i:ir0 2 R2il r«l3*>bftST»«Mfi*5J:t/SB 
T (DmmWWkh Ut(07*/V7 7^14 £r*Bft*tE:«S Lfc 
r(D7^7 7 ^i4±iC, WttfCVDjSfel^J: 
±MmMt Itlffl 0 0 nmORuJSIl 1 
U Ruill*3it;7^77^l4^ «X.tfR I 
RmZ-XV, W ifi 2 m X 2 ^ mOt>f X(DR«ft:^ 

0 5 Si2MRt5 0 :©Ta 2 o 5 li2^Sfii 

#J&fi3 0 nmCliiCftL^o 
[0048]fc ccoi 9 t^MMfc^-^r'^^coMty; 

Ta 2 o 5 mi 2x*mt>titcW;mx\ m*-&tt&<o#tm 

-TJ: I rl3joJ;{/Rull l^(CSBTS6 

£r#£ 0 r<DSBTl6lt #1J#5£B i x S r y T a 

2 0 O z (fcfcl, 2. 0 ^ x ^ 2. 6, 0. 6 ^ y ^ 

1. 2. z = 9±d, O^d^l. 0) ~C*£;ft<5Bi 

<5 0 

[0 04 9] E14 cid^-TJ: Ruil 1*5 

J:t;SBTg6©«:Ta2 O5JK 1 2^m~tX 0 
(d. Ta 2 O5 H 2, I rflj|3*5j;tfl r 0 2 1 2 50 
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[0050] m^, El4D(c^i-j: ^®^Sra*6 

5 «£l 2<£>5*>, Rull lO_L<D0f^gP53-^^^V 

[0 0 5 1 ] £XAl(DTM\z. «t *9 , USBT 
[0 0 5 2] K±<oi 5l-L-cKiS*ixfcRt*^t^ 

l-c y - ^ mm&mife x^tzt^^, *<Dm&mmm> 

3 0 0 kV/cm(^)^ 1X1 0~ 8 A/cm 2 "C&o 

fc Q rniiSBTi^i^it^t^>^tLtii 

&#&<rC£>£ 0 rtil^Lt, Ta 2 0 5 Il2^ 
**i*«j:r r w £ J: 9 S B 

#M*3 0 0 kV/cm^ir^ 5 X 1 0~ 7 A/cm 2 T*£> 

[0 0 5 3] j^_hcoj: 5i-. ^(om r s commmmc x ti 

tf, SBTfelV^ii^t^^^^MtSB 
Id, I r 0 2 £2 I rR3 t fab til ZTUWM, SB 
TtDffilgftrjKi: L-C^T^/w^r^JK4^oJ:t^Jia5mSi 
i: LTORuRl 1 SrJ«J:»j*U R u «* 1 1 *5 «£ tfT 
^ r ;* R 4 £ ^ 5, ^ is ? i r J: 9 mm ffc » * * co 

mmz/<*— Ruiii^7^v7 
^3 i^^/^mi^^f^^i^ ^o^id 

[0 0 5 4] r60l3 60Mil(atlll SB 

T(7)HttJBtt:Blt Lt©7^V77^IS4 S:R«*^r^r^ 

4 «r»*0!a LT«fiftt5 dt(a^SBTl6 ^#6 

[0 0 5 5] L/:^ot, r 3 (DMMKmiC Xtl 
tt\ »«*#^^^^<z>ffi«€: 1 0 /i m 2 ^Ti: Ufc^ 
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[0 0 56] w <0$&Vft<Df& 4 (DMWiMWtlZ. X 3 

[0057] z<Dfg4<DmteMm\£&z>nm#**'<is 

SBT(DS91ft:|B<!:LT©7/Wt7>Y h!B9^ 

T\ :7Ao*-^>r hJR9_htc_bfflS«ffi<J: IT© I rlio 
SrfifelKLfc», USAiOTf i; 9 [c, I r Bt 1 0*5 XX* 
y^^-i hJBl9£:, «lx.tfR I EjfefcJ: «x.lf2 
A£ mX 2 /1 m(D^^ X(Dffimi£*^s<i/?<Dl&yt\Zy<? 

-COTa 2 0 5 Kl 2ORffli0ijM3 0 nmj^aitftt 

So 

IWTa 2 0 5 jRl 2 tf«fcixfc*«t?, WW*** 

iaot, 13 5 Bfcj; 9^ Irl3^J;(;irI10 30 
(7)rii-SBTl6^#6 0 ^(Z)SBTI6(1 fifiS^B 
i x Sr y Ta 2 . 0 °z (fc*^ 2. 0 ^ x ^ 2 . 
6, 0. 6 ^ y ^ 1 . 2, z = 9±d % O^d^l. 

0) x-mztizB i&mftmm^K^x** hm&mm 

[0 0 5 9] m5C \Z.7jki-£ 0 ^ I rllO^ 

Ta 2 O5 JKl 2. I rm3&£X*I r0 2 I 

[0 0 6 0] JR 3 tO^ig^Sl^jotta t l^«COX 40 

^MoT, H)5D{^-ri:9(C N Wil7, ^> 

•9, liM^LTSBTl^V^IW^tSllft: 

[0 0 6 1 ] J^_tcoJ: 5l;iUT»S6SJifc««#*+^ 

^«^»J^ufc^r^, ^fflOTM#^3ookv 

/cm(Z)^lX10" 8 A/cm 2 T'fcofc 0 ^HizM 
LT, Ta 2 O5 mi 2&Mi$H£-r\Z.y/l>* : 7 4 hS!9 

srHSiaa-rsc s b Tjgi6 zmcmmfc*^^ 50 
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f?<OV — ?WMte, MIW3 0 0kV/cm<Oi: 
^5xiO" 7 A/cm 2 -Cfe-ofc. EU:<£>*£*i&>e>, - 

[oo6 2] ^(DfS4<ommmm^xH^ mm&mt 

m&mfeizfamkzitx s b TS^tsi^ic^v^, 
m 3 (Dmmmm t mm<o^^m^ r t s 0 

[00 6 3ISC, r<D|gPJScJ:-5f|«#:^^^^co 

[00 64]H6li, r<o«W^IB5(Oia6»»cj:5 
[0 0 6 5] :^l5^Il»j:6it^t^^ 

<£>S i *j£2 1 _h^ x Mz.&*s<iy $ V >^m^X *) il 
*0>*fl=^ TgPS«<>: LT<D I r 0 2 MS2 2*5<fct*I 
rlfi2 3^r«g^flSi-5o I r0 2 l22(?)l 

WtiW^Lfil 0 0 nmlJlltfn, I rK2 3 tt« 
;tf3l 0 0 nm(Cl(in6o 
[00 6 6] I ri2 3±C MOCVD^U 

•9. P Z TK©«^-efc5 P b , Z 

T^^^r^Bl2 4£rjfiiSi-5 0 JM£#jlc|^ I rl2 
3^T'*IU:S i»E2 1tH^«»tfeMOCVD 
««OSJESa (fifcBS^) ^^ir^^_hi^gLX4 0 0 

-6 5 ox:<ommwLm^mmi^ &m-rz> 0 ^lt, p 

b (DPM) 2 . Z r (DPM) 2 *5iVT i ( i -O 

c 3 h 7 ) 2 (dpm) 2 (D&mm&mmn&miz&m 

^>J»«K*3&5i o 0 0 S C CMiC^5 J; 7 I^LTSlS 
l^EMT^f 1 0 0 0 SCCM(Dii^^H^Lfc 

r^^^W^^ ttSet(^AL0. 
1 - 5 0 T o r r (7)KJS^^E^T^I^It 5 . r*U- 

iot, PZT(Dmmi^^tl.X(DT'e^yr^m2 4 

1 5 0 nm^IliX J!S^«a^itO|Sffl^, 

0. l^Zr/Pb^O. 6. 0. 4 i/Pb ^ 

0. 9fCStftbS 0 

[0 0 6 7]*!-. :(D7W7^2 4±|I > 

rl2 5Milt5o :©IrK2 5(Ol)|B«t 
fllO 0 nm(Cjl^n^> 0 
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[0 0 6 81 JfciC, @6Bl£^i-J;5l£, Ir«t2 5. 
T^e^^r^J^2 4. I r M2 3$o£tf I r0 2 ^22 

[oo69i ^^i^iatii^t^^) 

^/±(^>^#ffl^,^iC^V>T, ^Jx.i^6 5 0tt3 0 

5>M*i*o»3ai-s - tic J; i9, 7^7r^l2 4^or 

^b^-^T, :(7)7W7 7 ^l2 4^ftn o r 
tUC^oT. HI6 C^^-TJ; I r«t2 343«trjti 

rl2 5«:PZTd2 6r#6 0 rOPZTi26 
J*. M^Pb l0 (Zr x T i j_ x ) 1 0 0 3 (fc^f 
U 0. ISx^O. 6) T^^tL^-<n^^-r 

[0 0 7 0] IH6D{C^t-ct ^®UJIf^*fe 

^2 7^rJF^i-5 0 :©i«l2 7(03^ 

I r m2 5(D±<Dm7£&ft&^v^>ym3zl,X=t>? 

&&m& ^ v ^ >- ^ r ic X *) WrfeMtf; \-^< * - =■ v ^ L r 

31 £ tB L*« 2 8 ^^^> 0 
[0 0 7 1] J^_bcDX^J; MM^r LTPZT 

[0 0 7 2] gl±(Dj;9iaTli|^tifclfMt^ 
v-^CDS i Sffi2 1 <b^l^ttlbmfii2 8 <tCO^i^mi±^ 

^it2P r £ LT, 2 P r = 2 0~6 0 v C/c m 2 O 

^LtPZTg26lr#tf, ^^PZTl2 6 ±{Z I 
r^2 5£J&BIU C^m, I rl25, PZTg2 
6. I r(l23^J:i;i r0 2 12 2^=^^y^^^\Z.X 

^?<Dm ] gftMW2 P r tel 0 ix C/cm 2 J^K'feo 

<vmmjjife&mm-fz>zk\-£i9, pz Tmzm^^tcm 

[oo7 3i - corns (Dnmjfm^£fr&, mmftmt 
upz Tm&m\^tzMmfc*^/<i/? ^^m-r^m^ 

[0 0 7 41 B7I4, Z(Dmw<nme<DmM&m^£z> 

[0075] ^<Dm6<DmMKm\z£z>mmte*^'<^ 
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m<ojim^^x. siii2i_h^ rasm^Lr 

©Ir0 2 l22il rl23, P Z T cDrnj^R^ L 
t(7)7 : e;P7 7^182 4 jo J: TLKJi pPftfii <?: LTO I r m 
2 5 ^^ilLfc^ 0 7 At-^i-J: I rg|2 

^ ffJx.tf 2 /z mX 2 /i m(7)f ^X(Z)iiMt^>'^ 

^v^o^^^ — ^v^^n^c I r^2 5^J:^ 
10 7W7 7 ^JS24(DlMa9J:5^ ^ffi^. #|x_ 
tfMOCVD*£[c:J;«9. *£SS§l<!r bTOY 2 o 3 l2 9 
Zj&m-fZ** ^<DY 2 0 3 I2 9 0J^j?(i#iJx.^3 0 n 

[00 76]^ rc7)J: o^mm^Y 2 0 3 l2 9t 

^lCt3\,^XM?L&7 5 ottmr«it5^^i: 

£9. T^/l^r ^1^2 4 ^c^T^/i^x^fg^r^n:/ 

20 7r*m2 4^M^bi-^o rttlC^oT, i7B|:^ 
I r)i23^j:t;i ri2 5©P^^PZTl 

2 6^#So :OPZTl2 6(1. H^Pbi 0 (Z 
r x T 1 1-x ) 1.0 °3 0- 1 ^ x ^ 0. 

[0 0 7 71 07ClJ:/TtJ:5l^ Ir»2 5*J 

£vtpzrm2 6(Dmm\cY 2 o z m2 *&mir£ 5 

Y 2 0 3 S2 9, I r!2 3 jo it/ I r 0 2 §2 2 

30 [0078] m 7 r>{z^k-rx 5 1-, 

iH2 7MIf6c ^K^J^2 7 joJ:I/Y 2 

03 ^2 9(Obib. I r^2 5O_hC0^f^a$^^m^^ 

m^<?-~>-y f i,x%\%ftLmm2 8&mj&-tz> Q 
[0079] £x±<DT.mLK£y)^ nm&mt upzt 

[0 0 8 0] £X±<D£ 0{CL,xmmtStltiWmtfc3r^s< 

40 i/^cos i m&2 1 k3\$ftL,nmi s tcom^mm^ 
mnL,xv—?mm&m\mistc.k~z>, ^(om^mnm 

#^ 3 0 0 k V/ c m(D i:tlX10 " 8 A/ c m 2 T^b 
ofc 0 ItLdP Z Tf ^rfflV^ll^ t^V^ <b tt 
te&^cdg-efcao rtt{C^UX. Y 2 O3 12 9£r7j^ 
^f[C7^7r^K2 4^^^^-^, ~ k^XV P 

zrm2 6&mzmni£*^/<z/?<Dy-?mm^ ^ 

1)Um^ 3 0 0k V/ c m(Dt t5X10 ~ 7 A/ c m 2 

^isfcDm^feZmmirZZ tlZX^O, pzti^ 

50 ^^z.mmt$*^s<^?<n})-?mffi¥Tm*mi,<&w£ 



(17) 

31 

[0081] ^<om6<Dmmmmicxti^ mm&mt 
lt p z Tm&m^itnmi***'^* &mm-tz>m& 

[0 0 8 2] ^ic, :©»iia5Rt#^+^^^© 
co^jg^co^UKc^^T, Hi— *fctt»rt;-t-s»^ 10 

[0 0 8 4] r©*7jlB^»i±at|«**^^S/^ 

<K0kWFT\ Tl&mmk lt(7) I r 0 2 13 2*5j;t*I r 
!3 3$:IMlt^o :r-C, I r0 2 l3 2©If 
tttt&fXl 0 OnmCim, I r^3 3 Oj^ipii^fjx. 20 
f£2 0 0 nm^IlitlSo 
[0 0 8 5]fc I r«|3 3_hiC. vOu--^*^ 
^-bmc£V)^ *»WtC»5PNZTlWO«^5c*-C 
fc^Pb, Zr. Ti, Nb:fcJ;tfOri>£>fr£, PNZ 

Z<DT^/^-7r 3 4 <Dmmnmx.lt 1 BOnmCI 
tftt, JK^jfififeltOttHtt, 0. l^Zr/P 

b^0. 6. 0. 4^Ti/Pb^0. 9 N 0. 03^ 
Nb/Pb^0. 3^I(m6 0 
[0 0 8 6] &fC % 4_b^ x 0iJx. 30 

1 0 0nm|:ltftt5 e 
[0 0 8 7] ftl^ H8B(^tJ:5^ Iri35, 
T^r/U-7T^m3 4 N I rl3 3*5j;UU r 0 2 132 
£\ #Jx.r£R I ESs{rJ;!9, jumX 2 M m©f 

X<7)RKf*:^ -r ^ > * ©Ml * — = V # ^ 6 o 
[0088]fc Z<D£ 5 iz-Lxmnft* 

mmcs<?—^i/y£ntzm<DT^;i>7T*m3 4 
CTx«ffirJBE(^^#ffl^4»icjoV>-r. mmS6 5 otT 40 
3 oftmmt&&-rz>^£\c£V), 7^77^134^ 

So ^tti-ioT, H18 CM^T J: I rl33fc 

J:t/Irl3 5«:PNZTl3 6^o :©PN 
ZT13 6te x M^Pb l0 . y Nb y (Z r X T i 
l- x ) 1.0 °3 (fc^U 0. l^x^O. 6, 0. 0 
3^y^0. 3 0) Xm^tl^ti^^^^ bmt^&m 

[0 0 8 9] #Cf^ i8Dl^ti 2^ £ffil£JHHfe 50 
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»i3 7$rMt5„ ^(Dmmffimm3 7(Doi? 

[0 0 9 0] J£Ui<£>X*£t;:J: i§mtf«<!: LTPNZ 

So 

[0091] M±<D£yic\^xmm£titz.mnt£*r*s* 

is?<DS i S«3 1 £3l#&bmffi3 8 £(£>BBl-«BES: 
il2P r ^Lt, 2P r =10-50/ 1 C/cm 2 (7) 

T^/P^r^J^3 4^^L^-rsr.i:[cJ:i9M 
IftLTPNZTJg36 I(OPNZT§3 6 

±1-1 rj^3 I r§35, PNZ 

TI3 6, I rl33ioi;{;i r0 2 l32^x^fy 

biz. J; ^Mia^ttfc. 2iumX2/zm<Dt>fX^i;^ 
^-^°v^ 0«a5>««[2 P r {il0//C/cm 2 J^T 

^>^<?5«ag^ifeSriaffli-S^^tc:ct!9, PNZTl^ 

[0 0 9 2] rco^7^Hig^{cJ:tt^ ^tS#«l£ 
LT PNZ Tg^ffiV ^/cM^^t^V^ tr»iti--5» 

[0093]H9ii ro^^o^8co^^^j:6 

[0094] ^<Dm8<omifommic£&mmi£*r*s<^ 

?<DM&jj&;Kte\,^X&, HI 9 AM^-f-J; 5t-> $7© 
!81t»«lc*5*tSi:RI*<Z>XStcaoT, Si»3i 
_hi-> T^mffi^r UTC0 Ir0 2 l32^I rl3 3 N 
PNZTcOmjig#:M^ LTcOT-^yi-^r ^)^3 4*5j;TJ ! 
±»«*iU-roi rit3 5SrlH»c««Lfc«, IrK 

IfMOCVD&ia^ ^IltLTOY 2 0 3 I3 9 
«TfiK«t-rSo ^^>Y 2 O s J^3 9<DBWtt«a:tf3 On 

[0 0 9 5] W:, rcoi 5fcBt«**^^^^<o»*i 
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^Y 2 0 3 R3 9T*I^cttit% mx.&ftj£<Dwm 

PNZTl36?r#5o ^OPNZTJiSeft ttj** 
Pb L0 _ y Nb y (Zr x Ti H ) 10 O 3 (fcftT 
U 0. l^x^O. 6. 0. 03^y^0. 30) X 

[0 09 6] i9Cl^tJ;9iC, Ir»3 5fc 

j:i;pnztI3 6<DMm^Y 2 o 3 ms 9&m-rx 5 

{C A Y 2 O3 J^3 9, I rg3 3&>£TfI r0 2 l3 2 

too97] m 9D(^tj: 5 1-, ±m\^mmm 

0 3 i3 9O9^ I rl3 5©±(D^S^7f 

^®{^Ji(^^7^ y >^ia A 1 ^M?r 20 

^(^N^-^>^LT^ittHbm«3 8&mf&-tz> 0 

[0 0 9 8] J^_hcDXa^^«9, Rt#IiUPNZ 

[0099] sa±.cd£ 9 l xmm £ tltz.mm.fc*r^ 
zs?(ds i ss3 1 i^it[±iLi<i3 8 t<7)m\z.mj±& 

#^3 0 0 k V<£>£# 1X1 0 _8 A/cm 2 X&>ofc 0 

zcDimzpNz rmzm^^mmfc*^'^? t u-m 30 

&£?&fi£-efe£ 0 rtii-^LT. Y 2 0 3 H3 9BM 
it-r T^/W^ 7^134 r t \C J; «9 P N 

mmWfr 3 0 0 k V/ c m£> £#1X10 ~ 6 A/ c m 2 

^->^^»aS*jfeS:aiffli-Sr 19, PNZTl^r 

[0 10 0] roJB8<Z)l6)tW»c:J:*ttf. 

x#s 0 

[0101]^ r^|:J;5R«#^t^^^ 

Sit^^r, \^x b s rm^m^^mm^ 

ocDMrnMrn^^^xmrn-t^o wsvts&ximi 
o(Dmmmm<D^m^^^x, m—ttftttte-tzMft 
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X<$b -So 

[0103] z<om 9 mtemmzxzmni** 
(Dm^m^^^xn, mi oAt^-txoic^ mn& 

Tgf$»££ LT(50T i Jg|4 2. TiNg4 
3*3±t5Ru0 2 K4 4SrlR*rifflt-t-5 0 Ti 
J^4 2<©K*Ji«x.«3 Onml^Itftl, T i NJ^4 3 
<Dmm&m?L&5 OnmCllftl, Ru0 2 g44« 
ffttl 0 0 nml^iatLSo 

[0 10 4] ftic, Ru0 2 M4 4±iC, «*.tfMOC 
VD&fcJ;*), *»Wic»-5BSTBt(D«fi87c*TfcS 
Ba, Sr. T i *3«tt5O30^*Sx B S T<Dmj|gft:J^ 

aw^77^i4 5Mti, 0 jy^icf^ 

Ru0 2 $£4 4tt^lUcS i m&4 1 *r|2l^^»L 

itt3oo-5o o °c<Dmmum^m U 

£ Q -t LT, B a (D PM) 2 . S r (D PM) 2 *5 «fc 
XfiT i (i-OC 3 H 7 ) 2 (DPM) 2 ©MMi 

M&\^X*:tlb<D%kffiA& 1 0 0 0 SCCMC/^J; 9 

t^fevxfcj&m&MwiXffimi 000 sccM©i* 

ii^ALO. l-50Tor r^T^IIS^fTPo 
r.*U- JZoT, B S T ^fiflfrKt LT(D7*^7 7 ^ 

I4 5«i^ti5 0 r.cor^e^^T^M4 SCOKJPfl 

te\ O^Sr/Ti^l. 0 N O^Ba/Ti^l. 0 
[0 10 5] 1k\^ r<OT^77^l4 5_h(^ #ijx_ 
4 6«lt5 0 n(7)RuJK4 6cO^J?:fi0iJ^^5 0 n 

[0106] m?., mi ob (c^-r * 5 t i jgi4 

2. TiN(l4 3, Ru0 2 1^44, T^/W^r^J^4 

5^D?Rul4 6^ ftlx.tfR I EjSfe(^«tO, 

1 /zmX 1 ^m<Dif^XcD^m^^^^^V^O^^(-^° 

<t «9 0iJx.^7 0 0tT3 Ofpmm^MX^fz^k^ ftm<DWt 

mnm^iz^^x, m^e o ox:x3 o^mmMm 

tS^ii-J: <9> 7^77^14 5 ^c^r^/w^r ^ 

X. -(7)7W7r^li4 5^i^t5 0 rtlCio 
X il 0C^tJ;3^ Ru0 2 ^4 4^6XXlRu 
H4 6«BSTl4 7^ 0 :<DBST147 
jft^Sl (Ba x Sr H ) 1.0 T 1 1.0 °3 

o^x^i. o) xm^tiz^v-y**^ hmffiMi 
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[O 1 O 8 J jgll 0D^tJ;9t^ ^ffiicS^ 

i Sr^^^>-^{cj;i9 mmitm 

T§l#fflLiS4 9^Mt5o 
[0 10 9] ^_bcDX^(Cj; >9 S itm#J8££: LTBST 

[oi io] ^_h^j: 9{axlii^^iMt^ 

f -8 0-18 0<OTOWCo rcD f |3:BST 

mmc x 7W7r^g4 5^I«:^a^ 

MlTBSTl4 7^j|fcS, r<DBST§4 7±{: 
RuS4 6MU RuJBl4 6, BSTl4 

7, Ru0 2 R44, T i N^4 3^5J:TJ<T i Sg4 2 ^ 

^f^t^v/^(-^it5 B S TB4 7<7)iim*f 
5 0OTt^ot 0 W_t:<7)r<^ib, ^(D^W^X&m 

mi£*^s<i/*(Dm^fe&mm~tz-tic£i9 s bs 

Tj^^ffiV^c^m^^ri'^^^^^^V^-C, BSTM 

mm a &mL,<?kW£]nz>^k&iDfrZ) 0 
[oiiij ^<Dm9(DmmmmA-xtia. mmfcmt 

tcjov ig i (Dmrnmmt mm^m^m^ ^ t &x 

[oii2]Hiifi, r <nmm<Dm 1 o (Dmmmm\c 30 
j: 6 mm# =*■ -v ✓ ^ (D$ait ^ ^ -r 3 & <d w ® 

[0113] -(Dii o(Dmmi&M^£z>nmte*-r'< 
iy^(DWt^m^^^x^ mi 1 A\z.7jk-txo^, m 

4 1 _LtC s T&mmt bTOOT iH42tTi Nffil4 3 
£Ru0 2 14 4, B ST(Dmr|g^i: LTCOT^/W^ 
7^14 5*3j;^_t:g|5mffi<h LTc7)RuJg£4 6 £J(I#U& 
iLfc^, Ruf 4 6^0^07^7/^1 4 5$:, #J 
ilfRIE&fCj:^ M?H$ 1 w mX 1 u m(D^-^X(D 40 

(T)^, 7^77^14 5 (DmmnmK.it 1 0 0 nm 
fC31fcHv Rul4 6(Dmmnmx.^l 0 0 runted 

— — l/if tS thfz Rul4 6*5 XZPT^sU^T 5 (T> 

wm&m? xviz.. i&mc «x.ifMocvD^ia 

•9. MI^tt©Y 2 0 3 15 0£/£JBI1-6 o -(DY 
2 0 3 15 OcOj^^ii^tJx.^3 0 nmtCilfcftt^ 

[0114] m^. ~<D£?\mmfo*^/^s?mm 

[C/^^y^$^7^77^i4 5^, *:(D®m 50 
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^y 2 o 3 m$ oxmt>titzV:mx\ m^mm^mm 

#H^t-*^T, #J;ti£RTA?£|Cj; Vm?L& 7 0 0 
7^/1/77^^4 5 ^(7)7^/1/7 7 ^t§^-<n 

I4 5^| 0 jl:t^c rti^ioT, gii i Bfc^-TJ; 

Ru0 2 K44io t l;TOul46(Ori[:BSTl 
4 7m :OBST^4 7lt (Ba x Sr 

1-x > 1.0 T i 1.0 °3 (fcfiU O^x^l. 0) X 

So 

[oi is] m^, mi i ciz^-rx ? ic x r u j»4 6 

^iOTSTl4 5^iJl{lY 2 0 3 15 0^-TJ: 9 
Y 2 O 3 l50, Ru0 2 144, T i Nl4 3*5 

ii4 <z*^v^-i/>f\c& vmfcjtm^*-- 
[01 16] m 1 1 Dic^-rx ? ^ ^^jgr^ 

2 0 3 l50CO9^, Rul4 GCDAKDmfc^fr&^V 
fy^LTny^^ — yP4 8 a £j£6£-r£o ^ 
^ffit^JxJ^^;/^ L> ^^^{-J: «9 A 1 ^&l£r 

[0 117] £X±(DT.mz£V^ ItMtLTBST 
[0 118] i^JitD.fc^^br^^n/c^m^^r^^^ 

i/*(Ds i s«4 1 <^5i#mLm^4 9 tcDm^mmz 

JM* 3 0 0 k V/ c mco ^5X10 ~ 9 A/ c m 2 X£> 

Tfi^^<iT^^) 0 rtii->Pl-bX, Y 2 0 3 15 0$: 
MWc7W7 7 ^i4 5$r^3®i--5 J: D 
B S TI4 7 ^fd^imft:^^^^^ <D V-tmMte. 
W1mm&&3 0 0 kV/cmCO^ 1X1 O'Vcm 

[0119] rofn oon^st-J:tt^\ it*i 

^fc&^T, Sl3(7)||iS^i:PI«(Z)3a^:$:W>5r 

[0120] ^(Dmwiz-xzmnfcic'Ys^yftD 
^t^^^^siiciitf^ z\<Dmw(Dmi 1-11 

7(OH^S^o^Tl^0^i-^ o ?iio, 111-117 

[oi2iiHi2(i, ^igBjcofgi 1 (ommmm^ 
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[0122] :©IiiIS»Uli#^t^ 
^(Dmm^m^^^xa, mi 2 ajc^h-j; 
tt©Sill5 1 ±WJi(msttiaf9iip3 o 0 

(DTiK5 3ioJ;(;pt!g5 4^IMIt5o " 

T\ T im5 3(Dmm-ZMx.&3 0 nmlcm&fo. Pt 
J^5 4(DmJ¥-teM7L& 2 0 0 nm^Ilftt^o 10 
[0 12 3] ftlC, Ptf 5 4±^ ^Ji^MOCVD 
MWi^S S B T TjgOM7LiT^5 B 

1. Sr. Ta. T i &£TfOfrht£Z>, SBTT^Oftj 
mfcmt \,X(D-7!Vjr=7^ Mg5 5 ^It5 0 jy£#J 
ICfS, P t g|5 4£^£g£LfcLS i ffiR5 l $rgl^llS 

LfcMOC VD3£Mcd»S^ (f&J^) ^^ir^^±(c 

^itT4 o o~6 5 ^c^mmm^m^. 

S 0 tLt, B i (o-C 7 H 7 ) 3 , S r (THD) 

2 , Ta (i-OC 3 H 7 > 5> Ti (i-OC 

3 H 7 ) 4 cO^^T^m^^^, ^tL^tt. ^fEft2 0 0 20 
SCCM, 2 2 0 SCCM, 50SCCM, 3 0SCC 

^itu-ci^* 5 o o sccM©i^^^L/ci, 
r (du-sx^ *im\tf* t vxzifcmzmA n-io 

Tor r <DfcfcjfXj£t}Xf&m&ft?* Ztl{C£^X, 
S BT TcDntmfcmt IT©7/Pt7^ 5 5 ^EfciBI 
£*l£ q ^(7)7/^7^ 5(Dif I«ilf2 0 0 

m&tt<vm,mte, 0, 6£2Sr/Ta£l. 

2. 1. 7l2Bi/Ta^2. 5, 0<2Ti/Ta 30 
^ 1 . 0. ffrmctefflzL^ 0. 7^2Sr/Ta^ 

1. 0, 2. 0^2Bi/Ta^2. 4. 0. 01^2 
Ti/Ta^l. OtC^tu 2Ti/TaC||Lt 
Jl £9#jgiCte#iJx_te\ 0. 1^2Ti/Ta^l. 

0{Cilfm5o 

[0 12 4] r(D^/^^-r J>g£5 5_t^ #Jx_ 

1^10 0 nmfCjlfc£*L3 0 
[0125] HI 1 2 B {-^-t* J: Ptl5 40 

6. 7/^7^fM5 5, PtH54*5WTil53 
^»Jx.f^R I E?£{C<£ «9 > &\7L&2 fi mX 2 mCOU" 

[0 12 6] ftlC, rcDJ; 9i:ttli^t^W 

^j^^moK*#iaM*t-*5v>T0yx.^7 5 Ottl 

nmM^tZZ-bK&Y)* 7;^7^M5 5tcD7 

SEftS^T. r©7;ut7>f M8I5 5«rJR,HM-5 0 
tUCfcot. HI 1 2 cic^i-j: 9 P ti5 4fc ( tu ? 50 
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PtS5 6«:SBTTl5 7^ 0 ^COSBTT 
15 7(1 fc£5£S r x Bi y T a 2 . o T > z°w ^ c 
fc U 0. 6 ^ x ^ 1 . 2, 1. 7 ^ y ^ 2 . 5, 0 < 
z ^ 1 . 0. w=9±d, O^d^l. 0, ^StCfi, 
0. 7 ^ x ^ 1 . 0, 2. 0^y^2. 4. 0. 01^ 
z ^ 1 . 0. w=9±d, O^d^l. 0, J: <9£Hlt- 
H 0. 7 ^ x ^ 1 . 0, 2. 0^y^2. 4, 0. 1 

^z^i. o. w=9±d > o^d^i. o) xm$n 

[0 12 7] Hll 2Di^-Tct5(-, 

8 a eMt5 e ^ffiiC^J^f^ 

y ^) a i MRMlttf , 

i &&m*^ y^^yici:*) mj£j&mzs< ^ - ~ >- ^ l 

[oi2 8] jL^_hoxg{c:j: mmitrnt l-csbt 

[0129] £X±.(D£ 5 Lr®ag^ttfcil«#:^Y^ 
v-^cDS i S^5 1 Lm«5 9 tCD^tC«BE^r 

SI2 P r ^rLT2P r =10-20/i C/cm 2 cofg 
tmhtl, *nMM2 E c ^U2E C =100—150 
k V/cmC0fiS^^ttfc o Ctl^t02 P r ^o e fcti ? 2E 

5 5^It5r<b[a^if B ^LTSBTTfl|5 7 

r(OSBTTBS5 7±iCP tJR5 6 Sr^flg 
L> ^<Dm. Ptl56, SBTTII57, PtjR54 

&£X$T i i5 3^^^^^ic:j;f9^m^Y^V^ 

mX2 ^ mcoif^r X(7)^m^^Y^^v'^(7)^^^^ / fli:2 

p r iii0/i c/cm 2 OTtfc^ fi:i#2E c iii 
^S5>ffi«2P r *5J:tm«#2E c *s*U<a»*ix 

[0 13 0] £fc, r<^R«f*c=¥Y^^^(-*3V^fi, 
LT#l^7C*irT i ^SBTTM^ 
"CV^S<DidS«Fl»W^*)So Ell 3ii, mi 2&\^-tb 

f%&<Dm&<D&m#**'<is*<Dmmftmm2 p r 

Oll#2 E c i a&6P*flfe#ttS:^o fcfcU r 
tfjisxn 0 ^^— hmz J: 0{^*iUfe o HI l 5i^Jol^-r#l 
I«K^S^ifi2P r (/zCXcm 2 ) ^oJ:^ 
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I#2E C (kV/cm) §r^i- 0 roaiJSJCfflV^fcK U^fi5 0 

M^l^tCteu SBTTS^iMoMt, -h^P [0 13 4] J£JLhtf>«fc5M. ^(Ojgl 1 cOHJ(6»»^«t 

/^--y^iiciifii^t 7 5 otitis o o «A*r#ar£as-c#5. -t-ftfefe, lts 

°C-C1 0^m*«yai-Sr SBTTJ««r»SJ: BTTIB*fflV^«tm*^Y^^Sr«3Si"a»^. T 

5i-LTV^ 0 SBTTRtLtli, MSSr 08 B i 15 3 t P 1 15 4 fc d» b ft 5 T«5»B, SBTT© 

*2.4 Ta 2.0 T i z °w (fc*:U w=9±d, 0^ BuK^Ki: Lt©7;i/t7>f HB5 5 & «fc Ji^«« £ 

d^l. 0) -C*£Jx5fc£>£ffil\ SSfiCT i LT^PtK56^Jl^ML, rti&Sr^y^-l^tt: 

/*it z £^fb£^ 0 Sfc* S i 0 2 BI5 2^1KJ^ii3 10 ± DBt#^t^v'^«)»«l^^-=y^l, ^ 

OOnm. TiS5 3^f{i3 0nm, Ptl54(^ ^ O^^lC^ — — ^^frfc^/p 

«Wli2 0 0nm, SBTTI5 7«f fil 5 On MR 5 5 ^f^MMt" 5 C <h |C X *) s ZiDyjU^ry 

rru Ptf 5 6(O|if|j:2 0 0nm^Ltc HI 1 3 J; >f M 5 5 ^(OZ7?v^r=7^ h*B£r-<^ zf^io-i M^b 

9. »S^Si«C2 P r *5J:t5gt«#2E c fl, SBTT *l(Oeiffi(^«^^l*Ji^ LTO S B T Tg 

m*P<DT i (^^*D*lC»ifjK»«:SJtftV^i:^fc>^ 5 7 £#3 £ 5 f- LTV ^ £ £ f- «fc «9 > *»Wfc»&*L 

^K^^xn. Ti0MJtz^o<z^l. 0(7)^11 ^-^^rS:ttSr:i:^ft<, ^y^>^mn{cx^m^ 

SBTI ( z = 0(7)^) ^^fc^mfl^^ 5)«2P r *5.i rMfi*# 2 E c <0#te&^*»lcSSJk 

■^^icit^TSfe^ftv^, ft»ft«e^«*S2 p r *5«t ta^i^s, ^*sw^itKb-c, M»«t 2P 

[0131JB14I4, Bl 2D{C^^-^|^«0#tjgcO ^Tt"5o ^nS-ctoT, ii^t^V^^IS^r 1 0 

RWM^^v^KiSVvr. SBTTf^Ti« // m 2 (w<Z)«t?li, 2 ju m X 2 u m) fCftg/hLfc 

fo Hi 4jc*3v^r*«ittH«n«BE (v) «r«u mm i-«££a*-e*6 0 

(A/ cm 2 ) ^r^-r o @14J;^ [0135] l^ttKatiil SI 

ilM^LTTil^O (z = 0) ©SBTKSrf^ IMt LtM^iCT i ^tfSBTTg^^t 
fc»WJ;!Jfc. T i SraaiPbfcSBTTIKSrfflV^K3|B|. r t d J; 9 , y — ^««E«rtt*5 Jit^SEe^a^ia 

t^to*»S„ -t-ft*?%. T i «D(aotlI*^rt [0 13 6] il6|^ Z<D&fft<Df&l 2 <omffi&1R\Z. 

[0132]Bl5ii, Bl 2D{^"f irl^«O«5S0> 0-e*>S o 

SI**^^^V^tr:43itS*S5>ffite<^Mft«Ftt^T i [0 13 7] 2HJ6^«gJcJ:S»|«ft:^^^>' 

00 *r*u wm&p r m&m (2 5 < ct^it5P r i^n^^^^tt^^^^xe^oT, siss 

t-*ti"S#iafftci*5itSP r <OJt) «r^-r G H 1 5 j; 5 UiMS i 0 2 JJH5 2£rJ£j£U ^<D±icTMW&t 

>K UT i (z = 0) (DSBTfe LT^)T iH53tPti5 4 t &m?kf&mir Z Q 

fflV*K»J:n, T i Sra^APb^SBTTIKSrfflV^ [0 13 8] PtJK5 4_ttC > Wil^MOCVD 

Ptfi^^WB|WP r «**A*/h*< ftt), Ti^)i *fe{dj;l9. t^l^^) S B T Tl(Oi^tfe-5 B 

^(aoTit^^rt^v^^W^SI^fiMW i. Sr, Ta. T i *5 it/Oj^bftS. SBTT^ffi 

&#£ft*;i£tfsfra>5„ 40 pfls« (jic«^(i, ^/u^-^-f Ms 5ogr«E*BI) t 

[0 13 3] ^fc. MU^TofcH^(-J:n^ LW^7r^i60^If5 o P 

^t^©»ttliSBTTi5 7<DJBBW-«#i"S tK5 4 U= Ufc S ilfi5 1 SrH^lfc LfcMO 

^ i:^flt»$tfCV^a Lt^ot, r^ltfr^rt^ C VD^«<Z>Rj£^ (fife**) ^iHr:^ JiKR«LT 

^^fcl^-Ctt, SBTTl5 7^)ifjj:If 2 0nm 3 0 0~ 5 0 0t^)lWS«U ftKri-^o * b 
^±2 0 0nmJ^T(Cl[ftL5^ «£ 9 &#ft*W*«:» Bi (C 6 H 5 ) 3 . Sr (THD) 2 ^ Ta (i 

5ljS^f)tt, SBTTI5 7 <Dmm^2 0 n mJ^_h 1 ~OC 3 H 7 ) 4 THD, Ti (i-OC 3 H 7 ) 4 <7> 

OOnmWT^tSC^^tU^fxSo * «-fI^Mfi-l:f £tO«g^THF (rh7tKn7 

^ffiig^n^r ^^»i-AH5^. SBTT157(7) -&L^S^Jg«r % 2 0 0 t C^fiF$tlfc^>(kSrt"C^ 
K^i3 0 nmJ£JLL8 0 nmSXT tlr&Z. k&£*)1ft* 50 jb^iir^o *tt, rtttc «t 0 1lbix6^ ^rM* 5 0 
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0 SCCM©7/U=f^ty T^^g^Lt, Mi^^ 
^amfTfias 5 O 0 S C CM©i|y(/^ £ jg<g> U/c^ 
r ^l^^^^CT^/^ LTRjSiCiAL 1 - 1 O 
To t T<DRJ&tfXBEtlX~tiSm&ft 5 0 :tliaot, 

SixSo :©7^7r^l6 0OJK*(l^J^fi l o o 

nmi^Iia^o ^.(OT^J^r 0 (DJ%^- 

Sfi/Sifc^jEHf^ «X.fcf. 0. 6^2Sr/Ta^l. 
2. 1. 7^2Bi/Ta^2. 5, 0<2Ti/Ta 
^ 1 . 0. #»Cf4«;fctf, 0. 7^2Sr/Ta^ 10 
1. 0, 2. 0^2Bi/Ta^2. 4. 0. 01^2 
Ti/Ta^l. 0fc:»tf*U 2T i /T a (^IILT 
tt, «t f9»a^ 0. 1^2Ti/Ta^l. 

[0 13 9] mi 6BC/Tfj:M^ z,<dt^^ 

ffi3Mfc£it\ Pt^54±(^Sr, Bi; Ta..Ti*3 
ZTfOfrbteZ, SBTT<Dmmi£mtlsX<D7/UjT7 20 

tttf^ISte:, {fjttf, 0. 6^2Sr/Ta^l. 2. 
1. 7^2Bi/Ta^2. 5. 0<2Ti/Ta^ 
1. 0, #»c:M:«x.fi > 0. 7^2Sr/Ta^l. 
0, 2. 0^2Bi/Ta^2. 4, 0. 0 1 ^ 2 T i 
Aa^l. OtfcD, 2T i /T a KBB LTfl, <fc f9 
»iitC(i0»|^«. 0. 1^2Ti/Ta^l. OT'fc 

So 

[0 14 0] iai 6 ct^i-j; 5 ^ ro^/v-Th 

PtR5 6(Olfll «XLtfl 0 0 nmM»i*l5 0 * 
iC N Ptg56, 7/Vt7^ PtJ^5 4*5j; 

XfiT il53^ Mz_&R I E 0»Jx«2 m 

X 2 ju m(DV^ X<Offim{£*^'<i<'*<DJ&$Zfcs<f'-- 

[0 14 11*1^ rcoj:5l-bTil«ft:^^^i/^^ 

0frffimt£mi-Z>ZL t\Z£*)^ 7/Ut7^hi5 5^ 40 

:ixiaot, @l 6D{^-TJ: 51-, Ptj^54joJ: 

t5P t]R5 6C0rai-SBTTK5 7^#5o ^COSBT 
TJ^5 7teU mj*^S r x Bi y Ta 2 .o Ti z° 
w (fcfcU 0. 6 ^ x ^ 1 . 2, 1. 7^y^2. 
5. 0 < z ^ 1 . 0, w = 9 ± d N O^d^l. 0. 
jgl-fi. 0. 7^x^l. 0, 2. 0 ^ y ^ 2 . 4. 
0. Ol^z^l. 0, w=9±d, O^d^l. 0, 
■tOftF*^*. 0. 7 ^ x ^ 1 . 0, 2. 0^y^2. 50 



4 „ 0. OUz^l. 0 N w = 9 ± d , O^d^l. 

o) -c*£*l*b i *«««5g^<ci^*>r M8 0 b bII 
[0142] £ 1 i <0^Jfc7g»£:}3it£ £ p«<£> 

8 X ny^^h^;i,5 8a, g| # tfj Hi 5 9 SrJgfig 

[0 14 3] W_h^J; 5(-bT»5g$n/hSI«fls:^^^ 
^^ov^, jgl lcoHJ6^ffi^itS<hl^«licp- 
Vfc^r!) Lfci: r «B4M»e2P r <b 

LT2 P r =10-22// C/c m 2 CDffi^#^tL N fit 
If 2E C £ LT2E C =100—150 kV/cm<£> 
M^#^nfc: G :tl^2P r *3<tT^2E c liSBTT 

t^I^faO ftiftlTS BTTI5 7 Sr#^i«, r. 
OSBTT15 7±|CP t«5 6^«U CCO^. P 
t«|56. SBTTR57, P tK5 4*3iOT i 1*5 

ttCj; 9ilSt*ixfc. 2/imX2/im(Df- 
>f^ll^t^v/^(7)Wif2P r lilO/iC 
/cm 2 WTt**)^ fctS;#2E c f*l 5 Ok V/ cm 

^■r^^<o«Jg*ttSraffl-f-srt^J:D, SBTT 

5o 

[0144] J^JkT) J: 5 t-. ^co^ i 2 oHfiia 

[0145] ii7ft ~(Dmw<Dmi 3(Dmmmm\c 
[oi4 6] -(omi 3mmmm\cx^mm^^^> 

*<D9t&3jmizte^xi±, mi 7A{c^i~j: 

tt^s iSfi5i±^, y >-^fei-J: f5 

il^CQ^^T\ T^m^<t ITO Ir0 2 i61 ^ctt^ 
I rl6 2eiMItSo Ir0 2 l61£0 
■BPtt«*.tfl 0 0 nmiCjif;£*K I rme 2 
Witfl 0 0 nmCKltl^o 
[0147]^ 01 7Bl^fJ;5l^ Irl61 
{?iJx.lfMOCVD&^J: 9, MWSSBT 
T^cO^^^^T-fe^B i . Sr N Ta. T i *3 it/O 
^^>*5, SBTT<Dffimi£imtL,X(D7/Ujr7^hm 
5 5Sr/£BSi-£o I rl6 2*-e«ilfc 

S iM5 1 SrlH^*IJ&LfcMOC VDif^l 
(J5£J&^) Of *7 p ^±{!:»lLt4 0 0-6 5 Ot^) 
««a*^iBj»L^ S^t^o tUT, Bi (o-C 7 
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H 7 ) 3 . S r (THD) 2 * T a ( i -OC 3 H 7 ) 

5 x t i ( i -oc 3 h 7 ) 4 <D&mm&mm&&. t 

tl^tl. SI2 00SCCM, 2 3 0 S C CM, 5 OS 
CCM, 2 O S C CM(OT;l/^>^rt D 7^ ^1^ L 
T\ KJSt^KSift'Si 5 0 0 S C CM(7)^ 

liCfAL 1 - 1 O T o r r ^-CM^ff5 a ^tl 
laot, SBTT©|ffJift:|itLT07;^7>< M 
5 5 £*l 5 o - co^^^-^^f hjg^5 5eoBtfl[{i«| 

tlflOOnmCIim^o 

5 5 (Om^MtiZtt&lltimte, 0 . 6^2Sr/ 

Ta^l. 2. 1. 7^2Bi/Ta^2. 5. 0<2 
Ti/Ta^l. 0, 0. 7 ^ 2 S r 

/Ta^l. 0. 2. 0^2Bi/Ta^2. 4, 0. 
0U2Ti/Ta^l. 0 [Clim, 2Ti/Ta[C 
iltlt «t «9»»JC(^Jx.«. 0. 1^2Ti/Ta 

^ I rl6 3MI« 0 r|g|6 3 0««l;J#«x. 

[0149] il7B^fi;9C I rg|6 

3, 7;Ut7^fM5 5, I rl6 2ft£X$l r 0 2 «l 
61^ «X.tfR I EtilU^ Wx.fi2/imX 2/im 

[0150]fc ~(D£ 3lCLTH#^rt^v'^^ 

:tLl:J:ot, il7C(^fj:9^ I rl6 2i3j; 

TJ^5 7li % *aj*i^S r x Bi y T a 2 . o Ti z ° 
w (tt'U 0. 6 ^ x ^ 1 . 2. 1. 7^y^2. 
5, 0 < z ^ 1 . 0. w=9±d. O^d^l. 0. 
Mf-fl. 0. 7 ^ x ^ 1 . O. 2. 0^y^2. 4. 
0. Ol^z^l. O, w=9±d. O^d^l. O, 
J: <9 O. 7 ^ x ^ 1 . O. 2. 0 ^ y ^ 2 . 

4 N 0. Ollzll. 0. w=9±d, O^d^l. 
0) T*JWB i^g^«ig-<n^^>r h^*NI« 

[oi5i] »i i <DnMMmfcteftz>tmm<D 

iS^ot, mi 7DK^-f-J:5lc> sra^j^s 

[0152] £x±.(Dj: o \c Lxm&ztiitmnfc**'< 
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LT2P r -10-20// C/cm 2 <Z>«E^»"btb. £a 
MR 2 E c £ LT2E C =100— 150k V/cm(7) 
fllttMt&ftftle -tlb<7)2P r joj;{;2E c I1SBTT 

t5r £KJ;!>ttSrfkLTSBTTBS5 7Sr#fe», r 
©SBTTi5 7_h(Cl rS6 3MML, ^cO^ N I 
10 r$|63. SBTT|g57, I r»6 2*5«tt/I r 0 2 

ju C/cm 2 £TF-C*>!K ttl#2E c (il 5 0 kV/ 
«ft:^^^ix^(^»jg^ife^iBffl^srt{c:J:*). SB 

2P r *sj:tj*at*-2-E € ^K&i^nsri^ 

20 [0153] JKJKZ) J: 9 ^13 COHJg^Sl- ± 

[ 0 1 5 4 ] HI 1 8 fl. -(7)^ CD|g 1 4 (Dmffi&miz 
mx&>z> a 

[0 15 5] roQMl 4(7)HJ£»S{-J:6^m^^^ 
^S^Igl^ot, Bi8Ai:^tJ:5i^ Sil 

S5 l_t(C N Ta5m«<t Lt^ I r 0 2 B|6 1 t I r JK 
30 6 2 £ I rj£|6 2_h{c: > 

i-Cfc^Bi, Sr. Ta, T i & &X$Ofrbt£Z>, S 
B T T (DmMfcfflk t U(^7^77^I6 0 SrfftBW- 
So JMfrWKJ*. I rl6 2^T^iLfcSilffi5 1 

iry^.h[^iLT3 0 0-50 O^C^SKmff t^DfR 
U i^^-rSo ^Lt > B i (C 6 H 5 ) 3 , S r (T 
HD) 2 > Ta (i-OC 3 H 7 ) 4 THD x Ti (i 
-OC 3 H 7 ) 4 O^^MM^^^COMS-CTH 

ii:S 0 ^bX. rtti-J: V&htl&jfX&WtMS 0 0 S 

tt«5 o o s ccM^ii^^^I^Lfdl zco 
il^^ SrJSfl-^^ ^ LTgJStCiA Ll-lOTo 
r r (D&J&tfX&tlX'f&m&ftOo ItltaoT, SB 

Z> 0 :(D7^7r^i6 0(DiJ||^Ji|il O O nm 
50 Jt^>l5H^ ffilx.!^ 0. 6^2Sr/Ta^l. 2, 



45 

1. 7^2Bi/Ta^2. 5. 0<2Ti/Ta^ 
1. O. (K 7l2Sr/Ta^l. 

0, 2. 0^2Bi/Ta^2. 4, 0. 0 1 ^ 2 T i 
/Tall. 0^S«tt, 2Ti/TariLt(t 
DM(C(j;Mx.{l 0. U2Ti/Tall. 0 ^il 

[0 15 6] #c(c, mi 8B|OTfi: 9 :©7^ 

^ftl£-£. PtH54J:|:Sr, Bi x Ta. Ti^J; 
XfOfrhteZ. S B T TOilMt Lt(D7/l/t7^ 

<£>*S[Ste. #JxJ2\ 0. 6^2Sr/Tall. 2. 

1. 7^2Bi/Ta^2. 5. 0<2Ti/Tal 

1. 0, Sig^fi^ixJ^ 0. 7^2Sr/Ta<l. 

0. 2. 0^2Bi/Ta^2. 4. 0. 0 1 ^ 2 T i 
/Tall. 2T i/TaiCiiLTd, J: 9 

^(^(^J^^\ 0. l!2Ti/Tall. 

[0 15 71 mi 8 ci^-r<fc 5 5-. ^co^/i-^- 

O^T'JignmSi: LTiWl 0 OnrnCO I r Jg|6 3 £r 
fiMtfc«, Iri6 3, 7;^7>fM5 5, I rS 
6 2 XXI I r0 2 )l61 #Jx.t£R I Ejfe«d J: 9. 
Wx.fi 2 /imX 2 /im^)t^X0ii#:^t^v'^^ 

[0 15 8]*C, cioj^l-LTBSWfc^^^o 
^tc^^— =^^*ixfc«<D7/^7>r 5£, 
«^fi*£E(Dit*#fflSC^{c:fev^rfi?llx.Ji7 5 0°CT^1 

miaoT, @18D^n?l^ I ri62fei 
(J«I r)i6 3<Z>r B 1^SBTTg5 7|r#5o I^OSBT 
Tm 5 7 (i N IfiJ&^B i x S r y Ta 2 . 0 Ti z ° 
w (fc«U 1. 71x12. 5. 0. 6lyll. 

2. 0. Ollzll. 0, w=9±d, Oldll. 
0. JftftCHU 2. 01x12. 4. 0. 7|yll. 
0 , 0. Ollzll. 0 , w=9±d, Oldll. 

0, J: 9 (3* 2. 01x12. 4, 0. 71 y I 

1. 0. 0. llzll. 0. w=9±d, Oldl 
1. 0) "C*$ti5B i^Itttt^n^^^ hlfe 

[0159] b 1 1 (omMMmic&ttZ) t mm(D 

8. n^^|,^5 8a, 5ltffiLS«5 9£rMfjc 
t^'^^J: 9. Rt#R^ LrSBTTlSrfflv^g 

[0160] &±<dx otzisxmmzfrtzmnit**/* 
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>-^^ov^t, mi iv>nmMm\c%>vz>tmmz.p~ 

U2P r =10-22/i C/c m 2 <Df£i>mt>tl* fci 
^#2 E c <h It 2 E c = 1 00-1 5 0k V/ c m(7> 
M&'&btlfZo rtlb^)2P r ^J:t;2E c [1SBTT 

t^C^ICj;^ B B B ftL-CSBTTR5 7^#tS, r. 
10 ©SBTTl5 7±in rK6 3^JBU I 
rl63, SBTTI57, Irf6 2Mt;ir0 2 

js^6 1 &^*y^i/y\z.&vffimi£*^'<i/* commas* 

*—~>n-Z>Zk\Z.£*)9m£th1Z^ 2/imX2/zm 
WX(Z)ilflcdf t^^^^S»S!2 P r f*l o 
A* C/cm 2 «T"C*>»). fetm#2E c ill 5 0 k V/ 

m»**'^>*<o9mjjmi:mm-rzzkiz£*), sb 

2P r 2E C tf**L<afc#£;ft£r 

20 a>5 0 

[0 16 1] toi^C, rco^i 4<30^Jfe^{ClJ: 
jxtfv f£l l^*»«^ra«4*iJ^«r»Sc:i:^T*# 

I0162JB19IJ, r<£>«0§<£>#l 5oiiiit: 

[0163] ^<om\ 5nmmm^xzmn&*c^'<is 

9<oWk%W;\z.&^X^ mi 9A|OTfJ; 9 
fi©Siifi5i±ic, «*.tf-x^y^ y v^ffitcj: 9 

30 ii^C0^frT\ T^mHi: LTCD Ir0 2 l61^Ir 
0.7 R "0.3 J^ 6 4 *&»Jcrt«W-So ^~T\ IrO 

2 S6 1 (Olf WJilf 1 0 0 nmi^Hitl, 1 r 0. 7 
Ru 0 3 jR6 4<DWkm*&\X-\£l 0 0 nmlCltftiSo 

[0164] Ir 0i7 Ru 0i3 B64l|:, flx. 

flMOCVDjSfeia!?, M^CfaSBTTJi^ 
%*T*fc6B i, Sr. Ta, T i *3 J; U*Ov^<b ft £ , 
SBTTCOltflM^ Lt©7^U7r^«6 0 
tSo IftttiCtt, Ir 0 7 Ru 0i3 l6 4lT*L 
fcS iSt5 1 ^i/^f B&LtMOCVDKt(7)S^ 
40 OSIKS) cDifir:7^_t{Ci£:SLT3 0 0 — 5 0 O^cD 
»Kia*fcJW|RU ft»t5o *t It, Bi (C 
6 H 5 ) 3 s S r (THD) 2 % T a (i-OC 

3 H 7 ) 4 THD, T i ( i - O C 3 H 7 ) 4 (D&^m 

i&mmn&mfe&wkmx* thf ^ * i^a? l ^jr* y 
— x & ^ ^m^c it i z l tc m&mm £r , 2 0 0°C(- 

&ft£titz^V&ftxmtt$l£Z> 0 fit, rtbicj: y) 
»bixS^SriK*5 o o sccM07;^>^t y T 
^^i^tr, Si^^coji:HfiT?^ti 5 o o s ccm© 

50 T\ «*tf(HAl 0 OWCDiS^ft (RF) y^X^&tk 
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«Sit:fcR«Sfc:?*AU 0. 5-10Torr(7)K 
^•7l/^r^M6 O^j^fiWxJ^l 0 0 nmCIim 

5o Sfc. :©7W7r^l6 o co^ffi^itojSH 

fci, #lx.te\ 0. 6^2Sr/Ta^l. 2, 1. 7 ^ 
2Bi/Ta^2. 5, 0<2Ti/Ta^l. 0 , 
3i(-^J^L«\ 0. 7^2Sr/Ta^l. 0. 2. 0 
^2Bi/Ta^2. 4. 0. 01^2Ti/Ta^ 
1. OMillifu 2T i/TaJcBBLTtt. J:«9»igiC 

0. 1^2Ti/Ta^l, 0fcW£;tx5 o 
[0 16 5] TklC mi 9 B{Z^~t£ ^OT^ 

*:K£6 o o\:t-i ^Mlt^r ncor^ 

^ft£it\ 1 r 0.7 Ru 0 3 t64±|:Sr, Bi x T 
a. Ti*5it50^45, SBTT<Z>h&W#«£ UT 
077i/t7^f M5 5£r#£ Q I(7)7;^7>f f§5 5 
OlS^iB^ltCOiSfflfi. 0 . 6 ^ 2 S r /T a 

^1. 2. 1. 7^2Bi/Ta^2. 5. 0<2Ti 
/Ta^l. 0, »a«C«:«x.tf % 0. 7^2Sr/T 
a^l. 0, 2. 0^2Bi/Ta^2. 4 S 0. 01 
^2Ti/Ta^l. 2Ti/Ta(CitT 
f*. <fcf9#»ai«;trf. 0. 1^2Ti/Ta^l. 
0T^^) o 

[0 16 6] m 1 9Cic^i-<fc5S-, :o7/i^t 

C0^#-C_bSff5*Si LT^ip: 1 0 0 n mcT) I r 0 7 R u 
0. 3 l6 5MLm I 7 Ruq 3 §6 5, ~7 
Ir 0 7 Ru 0 3 l6 4|Dj:O!lr 
0 2 ^6 1 «x.tfR 1 E&fCJ; 19, 0»Jx.tf 2 jumX 

[0 16 7JW:, rc0J;5i-Ltii<t:^t/^^ 

Wx.«a[*#H»«t'{c:^v^TWx.«7 0 0°C-C3 o#fB 
!IM&3i-£^£U:<fc*>. 7;Vt7-f «5 5f©7/^ 

cfcoT. 01 9DtC^-t*J: 9t-> I r 0 7 Ru 0 3 16 
4 3oc£tM r 0 7 Ru 0 3 me 5«:SBTT||5 7 
£r#£o Cc7)SBTT)g£5 7 te s Bgc^S r X B i y T 
a 2. 0 Ti z°w (fc/ffU, 1. 7^x^2. 5, 0. 

6 ^ y ^ 1 . 2, 0. Ol^z^l. 0, w-9±d > 
O^d^l. 0^ 2. 0 ^ x S 2 . 4. 0. 

7 ^ y ^ 1 . 0. 0. OUz^l. 0 , w=9±d, 
O^d^l. 0. £V#mia^ 2. 0^x^2. 4. 
0. 7 ^ y ^ 1 . 0 X 0 . l£z£l. 0. w=9± 
d, O^d^l. 0) T^$tl5Bi^M«S^P^ 
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[0168] % 1 1 <DmmMm\zj$rtz t mm<D 

8. ^ h^-^5 8 a. 3l^£Hbm«5 9^/* 

[0 16 9] £X±(D± 0 {Z.VXM&&tltcm'mi£*r J rs< 

U2P r =5-18/iC/cm 2 #i« 
10 #2E C ^IT2E C =100-2 00 kV/cni(7)t 
as*#e>Jxfco Ctlb(7)2P r *5«fcU*2E c IJ±a©MO 

ir^^i Lt(i^«T^i9, ^tLtfSS iSi5 1 

^t^^-r his 5^1t6^i^J;«9gS 

ft LT S B T Tl 5 7 Sr#fc», :<OSBT TJgl 571 
(CI r o 7 Ru 03 l6 5 £eJcMU ^C0«U I r 0 7 
Ru 0 3 16 5, SBTTJK5 7, I r 0 7 Ru 0 3 fig < 
6 4*5J;^I r0 2 !6 l&xLiy^^JflcXVmmfc* 

2 // mX 2 // mWX^l^t^^^^ 

#mm 2 p r rt 5 n c/ c m 2 »tt** o , fetm# 2 e 

c (j;20 0kV/cm^±t^ofc 0 «_b<D^£j&>P>, 

rtf-ct*?, SBTTJK^V^7t^m*= 3 r-r^^ 0 >'^^jo 
V^T, ^S5>«fi2P r *5<tt/»t«*2E c 365* U < Qfc 

[01 701 0201^ :^)»Ii6olWiti 

30 m~e&>z> 0 

[0171] ^<Dmi 6<Dnmmigi\z£znn»*r*'< 

i 3oiftfii^ita^^irag^ot, sis 

4R5 liC, TUWmt LTcOBI/ifLl OOnmCOI rO 
2^6 1 2 0 nmO I r 1^6 2 t &m#if$,Jm'r 

[0 17 2] I r§6 2_h{C. ^MMOCVD 

i. Sr. Ta, Ti, N b & .ktfO^&JfcS* SBT 
40 TOSff^Kir LtW^77^l6 6Sr^B|-rSo 
I rR6 2*T'«RLfcSiSR5 1«rB 
*«*bfcMOCVDS6Jt<OK*S* (fiUil*) Olhir^ 

^±iirilt3 00-50 o t c(Dmm^M^m\^, 

ft»t5o ^UT, B i (C 6 H 5 ) 3 % S r (TH 
D) 2 xTa (i-OC 3 H 7 ) 4 THD, Nb ( i - 
OC 3 H 7 ) 4 T HD N T i ( i -OC 3 H7 ) 4 (D^ 

mm&mmn&mfecDWk&x* thf Lfc^ 

^y— ^4rM5fe<0*^W:fca-frUfca^JWftS: % 2 00 
•ClcflM«*ixfc*-fb»rt"C*ftS*So ^UX, rtil: 

50 i^f^n^^^If 5 0 0 SCCM(D7/^^t 
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y 7 t m& tt, %j&m<Dmfftx+mm sooscc 

LTKiS^KWA Ll~10Torr <DRfctfxm*jX* 
jSM&ftOo :tliaot, SBTT^fulfrg^Lt 

K6 6©BWli«^.tf 1 0 Onml^ltfnSo Sfc. r 

0. 6^2Sr / (Ta+Nb) ^ 1 . 2. 1. 7^2 
Bi / (Ta+Nb) ^2. 5. 0<2Ti / (T a + 
Nb) ^ 1 . 0, »5giC^Jxf^, 0. 7^2Sr/ 

(Ta+Nb) ^ 1 . 0, 2. 0^2Bi / (Ta+N 
b) ^2. 4. 0. 01^2Ti / (Ta+Nb) ^ 

1. OtC»tftL. 2Ti/ (Ta+Nb) MAILT IS, 
XVfrmiCttMZ-tt. 0. 1 ^2T i/Ta^l. OC 

[0 1 7 3] #Cf£, 02 OBC/TfJ; 9 :^)7W 
77^6 6^ ^X.i^Jf±^^#|a^:^i-^V>T^ 

I rl6 2 JitHS r> Bi, Ta, Nb, Ti^o 
XTfOfrbtK&s SBTT(OBiiW)itLr<7)7/^7 

it^^lSd 0!Ix.J*. 0. 6^2Sr / (Ta+Nb) 
^ 1 . 2. 1. 7^2B \ / (Ta+Nb) ^ 2. 5. 
0<2Ti / (Ta+Nb) ^ 1 . 0, ^jgtCfi^Jx. 
tf* 0. 7^2Sr / (Ta+Nb) £1. 0, 2. 0 
^ 2 B i / (Ta+Nb) ^2. 4, 0. 0 1 ^ 2 T i 
/ (Ta+Nb) ^1. Otfcl 2Ti/ (Ta+N 
b) fflbti^ £*)&j&\a±fflz.^ 0. 1^2Ti 
/T a ^ 1 . 0t^ o 
[0 17 4] #;tC N El 2 0 CSfJ; 5 i-. rcO^/W^- 

<£*#T±ffl««£ LTRffl 0 0 nmCO I ri63lr 
«Ltt, Irl6 3, 7;^7>fH6 7, I rf 

[oi75]fc rcDi: 9 (atii^t^^^^ 
^ix.tmJBEo^#[a^:4 I ^ciov^T0iJx.^^7 5 ott-i 

^ti\z£-oX. U2 0D[:^f ( ];9^ I r^62*5j; 
t*I rl6 3^1l:SBTTl6 8lr#5 0 "(DSBT 
T^6 8J3, »/*5CS r x Bi y (Ta,Nb) 2 .0 T 
i z O w (t/d'L, 1. 7 ^ x ^ 2 . 5. 0. 6 ^ y ^ 
1. 2. 0. Ol^z^l. 0. w=9±d, 0 S d ^ 
1. 0, ^iSl-H 2. 0^x^2. 4, 0. 7 ^ y ^ 
1. 0. 0. Ol^z^l. 0, w=9±d, 0 ^ d ^ 



(26) ftffl 2000-236075 

50 

1. 0. «t fliKStm 2. 0^x^2. 4. 0. 7 S 
y^l. 0, O. l^z^l. O. w=9±d. O^d 

^i. o) -essaxsB i^mikmm^vy'xx^ bm 

[0 17 6] #cl^ »l l<Z)||JK»«(c*5Jt6i:^«0 

8, n^n^58a, ?l#ajL««5 9 &Mfg. 
~tZ>^t^£V)^ gSMtLTSBTTR^V^S 

10 [0 17 7] ^_L<DJ:5MLT»ie*tL^R«#:^-Y^ 

Vfc^y V**rWeLfci:r%, ££g#ffiffi2P r t 
U2P r =10-25/2 C/c m 2 O^S^&Jx, fet 
I^2E C £ LT 2 E c =100 — 250 k V/ c m(D 
mmbtltio ^tlh<D2 P r *5j:t52 E c iiB i , S 
r, Ta, Nb. T i joit/O^f)^^ SBTTf^ffl 

s i S«5 l Srii Ufc»Jfc^»fe-*t*io 
ffi*fttlf ^l^«Mv -7A>*:7-J «6 7 5r?fc#ygi-5 n 
20 i{£j;»?«fifl:LTSBTTII!S6 8 §r#fc». roSB 
TTBS6 81ICI rR6 3*SRU -<£>^ Ir«|6 
3. SBTTI68, I rl62^J;i;i r0 2 )S61 

XOit*^t^v'^^g^ffifi2 P r lil0i*C/ 
c m 2 J^TT£> 0 . 2 E c 13 2 5 0 k V/ c mJ£A 

V'tisfcDM&ljIik&mm-rzzkfcj:*), sbttI 
^V^cil«ft:^f^^V^iC*5V>T, «B3MSte2P r 

[0 1 7 8] El±<D£ roll 6^J6^«g{Cj; 

tttf> fgl l<D|||jg»IBi:BI«ftfUj»Sr#ari*-e# 

[0179] i2in z(D^m<omi 7(vmmmnic 
[oi8o] ^.<omi 7<DmMMmK£z>mm{t*c*/< 

^^o»5g*jfejc*5V^Tti, HJ2 l Air^-Ti #J 

40 T, S iSS5 lllCS i 0 2 K5 2«rMLfc», £ 
<D±[Z^ T^WMtl,X(Dr iR5 3tP tR54, S 
BTT(Z)|(ilMi LTCD^7^^^ h)K5 5, *Dj:tJ< 
LTcop tB!5 6*IBRfiKB!L. Ptjg56 
te&U-ytv*^^ h]g|5 5^. ^Jx.i^R I E^(CJ:«9. 
#Jx.(^ 2 ju mX 2 u m<Z)t^X{7)llft:^t^v/^^ 

^^0«(c/^^>^^tifcP tl5 6iBj:r/^7^ 

OCVDffiia^ {*:»J^i: LTcOY 2 0 3 ^6 9^ 
50 Ri"5 0 :OT 2 O 3 i6 9©IflWJx.S3 0nml: 
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[0 18 1] ZL<D£l\zmm#**s<is*<Dl&Vt 

^y 2 o 3 me 9-cm^titz^mx\ mx,^i±(Dmm 
wmn*ic5o\,^xmz.&7 5 ox:xi&fm&Mm-tz>^ 

±"74 hm$ 5&£iMi'fk-t2> 0 ^thl^X^X. M2 1 B 
{c^-r^9t-. Ptl54fci:t;ptl56«:sB 

TTl5 7m :^SBTTl5 7liJl^Sr 10 
x B i y Ta 2 0 T i z O w (fcKU 1. 7^x^ 
2. 5 S 0. 6 ^ y ^ 1 . 2, 0. 01£z£l. 0. 
w=9±d, O^d^l. 0, &M^n, 2. O^xS 
2. 4, 0. 7 ^ y ^ 1 . 0, 0. Ol^z^l. 0, 
w=9±d, O^d^l. 0 X XVfcma^ 2. 0^ 
x^2. 4. 0. 7 ^ y ^ 1 . 0. 0. l£z£l. 

o, w =9±d, o^d^i. o) xmztiz b i &m 

[0 18 2] 0 2 1 Cl^-TX 5 IC, Ptl56 

*5j;t/SBTTJK5 7W«iCY 2 0 3 1R6 9 £rgM"<fc 20 
5t£, Y 2 O s l6 9, PtR54^J;OTii53^ 

[0183] 021 Did^-r J: 5 

2 0 3 1*6 9<£>5*>, P tR5 6<D±<Dmfe&ft$:^y 
f LT^>^^ 8 a eMt^o ft 

[0 18 4] ^_b<£>X*£fCj; «9, m^M^LTSBT 30 

3 0 

[0 18 5] KJiOJ: 9 8-U-C«iS*nfcR«fr^^^ 

#^3 o 0 k V/cmCO^r^ 1X1 0 _8 A/cm 2 T*£> 
o*L c CtL(^SBTTJ^^ffiV^fc^m^ J ^-V^v-^^ L 
TliM^lTfe^o rtlCTLT, Y 2 0 3 I6 9^ 

sbtti5 7^mtcmm^^^>^(Dv—^mm 40 

lis 3 0 0 k V/ c mOi # 1 X 1 0* 6 A/ 

cm 2 tffcofc. «Jto»*^^ % r<£>|g0Jie:J:5f£m 
*^ir^^^OKag*&Srigffli-Sc^{cJ:f9, SBT 

[0 1 8 6] £l±(D£ 5i-. 7(7)»l(a 
fc»««:*^^V*SrlllJfrtS*^, Til53^Pt 50 
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«5 4 hfrht£Z>TWmM, SBTT(7)ti(l#:l<!:LX 
6 &)RiWl£j«U P tjR5 6te£Tf7/U*^^ h«5 5 

i/^Lfc^, P tl8i5 6*5j;l*7/V';*-7>f MK5 5<D<M 
i*«5J: 5 LT<DY 2 0 3 ^6 9 &tef$L L 

TV^C^tCj; t>, TiK53^Ptl54^^45 

fc&mmmiz&it-rzzt&xz, '&xk&M^x* y 

[0 18 7] r^fl 7(^ttJgHK(£j;jx|i x S 

BTTOSff^ftrKi: 1X^7/^7^ h JBI 5 5 £ff mf£ 

J^5 7«r»5J:5l2:Ltv^rJ:lcJ:^ JBl l gdHJS 
*«i:WM«C, ££@#ffifig2P r *3j;rmm#2E C ds 

[0188] m^, c\<Dftw\c£&¥mi£mmmw:<nm 

aS*SSr. «imft:|R^UTSBTIKSrfflV>fcSi«f*:^r^ 

-To 

[0 18 9] H12 2— B2 5(i. r^^CO^l 8 <DH 

[0190] c\comi 8<DmMMmz£z%mm#^# 

i^t^ ^*Jx.^> p^s i ^^1 o l OT^rf 
LOCOSfe^ioziMk^y ^> (s i o 2 ) ^coj: 

iffll 0 1 ^Cf ^ <if J: 0 iAL t 

^fc*^* (b) ft £*<7) p m^nmfrtim. lt, 

1 0 2xmi£titif5&mm<Dmffiic^ M^mmitm^ 
xvm^<om^(Ds i o 2 Kt^bftsy- h*6»Ki 0 
3 &tef$*tz>o 

[0 19 1] ^{d. «X.tf^»tt«* (CVD) ^i- 
ffi*i-5^:«>^. r^felS i K(-Wlx.^y > (P) 

^ 0 H B s in^^ym^^ia^ y-M6 
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mmi 0 3ii:#gss i frhtzztf— hmmi 04^ 
[oi9 2] m^. hmmi 04^^^ l 

t\ 7^f-^ Kftil 1 0 2 TfllilfcMiifi^ 

1 0 4^LT§Bl^n- ^««^JP^^tL^ Q 
[0 19 3] #C(^ ^J^CVD&iCj; <9^CO^^CO 
S i 0 2 M^ffitC^Lfcm. SJ&tt^^^^V 
? (R I E) J: *9 . Z(DS i0 2 J^^rp^S ili 10 

i o i cnmm^\^xmujjfa\z.^-v?-;<v?irz> 0 n 

;ft,ie:£oT. y-Mil0 4^ilKS i0 2 /i^^ 

[0194] K^*— 105 

*3j:t^y— MSI 0 4&^X? t IT, :7>f — A^KSfe 
i&JRl 0 2T-[S*ttfc^«^^'Y^>'aA^(-J: 
•9. mX-tttm (As) (^)J:54ni^«»SrK-yt 



ii o 6^KW>i«i o 7 2*71^8 £*i,£ 0 r 
*Lf>coy— o 6*5J:t5KWy*«l 0 7J2. 

fc^fflmm&M 1 o 6 a . i07a^ft^ 

rttibC0^»fi^»SS51 0 6a. 107a(j:, -tix-P 
OS h7^^Q^MJix5o 

[0 19 5] fti:, cvDfe^J:9 3f^ff* 

M^iywy^r-h^y^ (BPSG) BS<OJ:5<C 30 

ItltetS l 0 8 ^^ffii^M ttf , m^WMkWk 

RIEj£(cj;!K y-*«#l 0 6JK^3f^a5»^*5{t 
^^P^lfe^^l O 8 ic N /H O 9£r^/£ 

t^o #cf-> CVD&tcJ:0#JI*SS iRSr^ 

i l^pis i s«i o i o^ffitc^f bx»i:^fftic:. 

5 Sottas i^^^i i o&mtiLZtiZo 
[0196] nki^ m i <DnMtemz-&ifz> t mmcoj: 

t-T^m«^ L"CcO I r O2 Hi 1 1*5J:TJ<I rflHl 1 

b^iMStLTOP tin 4 Srm?fcritBti-So 
atK, P til l 4*5j;t5T^/u^r^lKi l 3£r, #J 

X.CfR I E£ciC J: 19 . ^Xlf2/zmX2/zm(Dt^^ 

I rll 1 2*3j;T*I r 0 2 Kl 1 1 Sr. ^ifelS i ^ 50 
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7^11 0^0 j: T/^e (D^mcDmm^wm 1 osoici 

[0 19 7)9:^ ^©i^atllMt^^c 

«FWf»«!31t-sr ttcj; 7W7r^Ii l 3^cd 

m&<Di£&mz.mmk£i£. r^7 7 ^i 13^ 
JMlrt-£o :Hi:J;oT, g| 2 4 ic^-f J; 9 1 rgl 

1 1 2*5i;r>*P tj^l 1 4cora(-SBT«ll 1 5 £:# 
£ Q r^)SBTRl 1 5te x *a^^B i x S r y (T 
a, Nb) 2. 0 °z (f-f-U 2. 0^xS2. 6. 
0. 6 ^ y ^ 1 . 2, z = 9 ± d , O^d^l. 0) "C 

[0198] #ctc N H 2 5 J: 5 \c % ^®tcSK*6 
SIISl 1 6«r«JR"t-So i^ll 1 6*3j;t5 

JUHftSMt l 0 8 co 5 K W ^.flfflfcl 0 7 _hco/3f^ 
SM^7f>^LTny^^ h*— /H 1 7&r7£ 
^Bic«*.tf^^^ry >^&JC<fc 19 A 

[0 l 9 9] j^_Lcoxmi-J:<9. SW^-TS3SR«ft:^F 
[0 2 00] rco^i 8C0HJS^lcj;n^ Sim#:M 
mi^Jfe^*{-J:a»l*^^^^^coK3g*-Sfe 
Sl2P r Sr*U<M:#-r5r^^-C#S^^ lift: 

^ey coH^RT|g < v^5 o 

[0 2 0 1 ] |gl 2 6 —HI 29(i, C <D$&m<VWb 1 9 COH 

*^*(- «fc SaSR«flc^»*tt^ ^ y ^«aS*S«:lftW 
[0 2 0 2] rco^i 9co^^S^J:6^^f2^ 

^coxS^^t, #fe^s i-f^jfi 1 o^-e?f^ 

irP^coX^tct^oT. SP^jteS^Kl 0 8 JiKTflW* 
tU^IrO 2 Jfilll*J«J:0 J IrlSll2, SBT 

(Diffimftmt u<d7^7 7^iri 1 

LTcORuKl 1 9*JBBfcj*itU Ru^l 1 9 
teXXFT^sU^r^mi 13^:. ^J^L^R I E^fet- J: 
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t57^7r^ii i 3(D®m&m? x 9 id, 

08*tfMOCVDjfci;Lj:9. §Il<!:Lt^Ta 2 O s 
I12 0Mt^ o ^^T a 2 0 5 JKl 2 0<OJi£j¥te 

[0 2 0 3] ftC, i^ipcii^t^^cof 
^(^N^-^v^^tLfcT^i-^r^Mi 13^ -^(D 

ii^Ta 2 o 5 ii2 ox-mt>nt^mx\ mz.t£i% 
j±(Dmmwm%Ltpicio\,^xmx-& 7 5 ottmp» 

ot\ EI2 7\C7jk-rX 9(£, I rHl2^oJ:(;Rul 
1 1 9^1CS BTjgll 1 5£r#£ Q :^)SBTll 1 
5te N ffi^^B i x S r y (T a, Nb) 2.0 °z & 
fcL, 2. 0^x^2. 6. 0. 6 ^ y ^ 1 . 2, z = 
9±d, O^d^l. 0) ti^WBi^MM^ 

[0 2 04] m 2 8 l^i" £ 9 f-> T a 2 0 5 m 

120. I r«l 1 2*3itfl r0 2 *l 1 1 ^r^^^ 

a 2 0 5 Rl 2 0^RuIl 1 9*5<J;TJ*SBTJ^1 1 5 
<^«(^£;*V I rRl 1 2^oit/I r0 2 $1 

1 1 1355, #*gfts 1 0*5J:t5-t<OjS«(O« 

Mill 0 8^>_h^3g«E-f SJ: ^^^i" 

[0205] m^, i29 t-^-t-i 9 f-. ^m^mmm 
mmi 1 6S:*j»-t-s 0 *sc x mmmmmi i e^t* 

imte^Il 0 809^. KW>«*lO7±©0fS 
S^^ 7 fy^iLT^>^^ h^-;H 1 7 SrJg 

<t^Br^#tJc^-=:>^bTEj|»««i 1 8&tefiL 
[0 2 0 6J KioxgfcJ:!^ Bttiri-saHW**^ 

[0207] rofi 9<Dmmmm\cxti^ mnvm 

t IT S B Tl^ffi^^m#:^r^^v'^(D^-rs^ 
S«2P r ioit/y-^lMMf L<^#t6r <h 

[0 2 0 8] ^Jir^^^HJS^tCOVNT^^^ 

[0209] _h*<£>ib i-H9 (Dmmmm^ 
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^V>T*itYc, &«L «5t. JDKJ6K yn^/jj^ 

sum. mm. mm. ^n^^ft^iv^tj: 

[0210] iktz, m2}s£ xm 4 (Dmmmm\^^ ^ 
x. sBTommftmt lt^/k*-^ hi9ii s 
io nT<Djsmwmh \,x<DT*;i<>7T*m&, «x.«, » 

mum-i- z^ticx otis l x j: v \ 
[0211] »4*3<tt^iBi 9 (Dmmmm 

I^V^Tft §litLTOTa20 5 Rl 2, 120 

icftxT, -tft^tu #Sx.tfHf o 2 IRftifSrfflv^Tfc 

ise. nstexxtmi o<Dmffi&mtz%>\,^x&, 

^I^LTOT 2 0 3 I82 9, 3 9. 5 Oi-ft^T. 
■-tjH-Pft. WMCe0 2 «ft<!?«:JBi^Tt>J;<, |gl 

20 9^ftx.T. «x.tfCe0 2 i^fflV^T^^V^ 

[0212] j5i2, 114 -sg 1 6 commmm 

IC^Tii, S B T T(Oful^Ji^ Lt (7)7^7 r X 
§6 0, 6 6 0«^MOCVDfi(^J: Dffotl/^ 
3SS, -CD7^7r^6 0, 6 6 0», «;ttf, 

*«ESr«:«|. SS»**So ft*-, #JxJ:f3 5 0- 
6 0 0°CT^-ar>^Lfcm. 0»Jx.^^#IS^.*T\ 
30 0 0—7 0 0tt*3~3 0 ^#^3^-5 ^ t 

6C«tO, 7^;U77^R6 0^^^*T7;^7^ 

^Jx.{^^^ia^^-c% so — so ox:xm%± 

<?:{-J;oTSBTTJ£l5 7 ^r#S 0 

[0213] sfc, mi 7(DmmteM\zta\,*xn* mi 

40 fifc-t-S^pl-LTV^aS, rtLJA. »1 2~Il 

J: 5 1- Lt fc J: v \ 

[0214] ^tz, mi 8<DnttsMtR\z&\,^x& > mm 
&mt usb Tm&m^^tzmnfr*^'^* c« 

^l^JS^^J:6SI«*^^^v'^(7>ii3t^& 

N Z TlifcttS B TTlSrffi^S r i: t)^rtt**-5o 
50 ^m^^r^^ o >-^CC0^m*JK^ LTPZTJR^rfflV^ 
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[0 2 15] *fc % WM»J: % SB 1 9<D3aS»l6^*5V^T 

3 R * ^ >- * o Mig* jfe * ffl v ^ -5 r ■ t fc bUB-c fc 
So Sfc. Rtft^t^CORHMttL-CPZT 
K % P N Z Tit t « S B T Tl^l ^ I ^ ^^Itt 

^^^60»3g*jfeSrfflV^r SBTTKffl 
^ItftlStUBSTM^^CiCJ:^ DRA 

fcicv^i/fc commas mi o<Dmffi&m\c&z>m 

[0 2 16] ^fc, ro^^fi, ^f^^^m^^-r/^v 

[0217] 
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[0 2 18] r<o*88oJB2^*W*5J:t/*4(D*W^ 

^ ?/ ^ v x v mmfc* * (owm^ 

[Ell] ri(7>*W<0»10iaK«»cj:5BS*ft:^-y 
[02] SBTi^It^ll^t^^ttlt^ 

[0 4] r co^bjcom 3 (omffi&miz x &mmt£*-r 
i{§}5] r o^p^ct)^ 4 <Dmmmm\c x sim^- -v 

30 [0 6] r^W<D»5 0HJ£^tcJ;5Rm#:^^ 

[0 7] r <r>WPi<r>% 6 co^lJ6?g|it»i j: siift^t 
^^^<o»**fe*RW^5fc*o|»ffiH-C*>So 

[0 8 ] r o^^jg 7 <»nmm\z. x z>mmfc*-r 

[0 9] r 8 G9H»f2ffiy- J: 5t£®£=*r * 

^^^<^«»*ffiSrRW-rSfc«>^llrffiB"t?*>5 0 

[0io] ^<Dmm<Dm9<Dmmmm\cx^mm^ 
40 [0ii] ^(D^mcomi o<DmMBm\z.xz>mm{£ 
[012] ^(D$£m<omi i<Dmm&m\cx&mnfc 

[013] SBTTK^V^Rt*^t^^|:*3 

mffitmxtbZo 

[014] S B TTl^V^cll^t^^^ 

its y — ^*a*ac<oT i «3»*«#ttsr^-ri«i»ia"c 

50 [015] SBTTl^ffi^fciim*^r J r^^>^(^^ 
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[mi 6] zn&mnmi 2<Dmmmm\z.£z>mnft 

[017] 3<D***«|£j;5RWfl: 

inns] ^<7)%tw<Dmi 4^n«»iia5»t# 
[0i9] ^<D5&w<Dmi 5<D$mMmic£z>nmte 

[02 1] ;itD»91<z>*l 7(D*lBU»cJ:Sf|«ft: 

[022] <7^03 cd fgi 8 commmm^ x & smm 
acfiwh* * * v <r>m^fe *mm-t z> it #xd mm H-e 

[02 3] z-<om%<n%\ 8<nmMmmicxz>%mn 

fc5o 20 

[024] ^(omwcomi 8<Dmmmmfc£z>%mm 
asfiwih* ^^y & 4rR wi- s itit><D mmm -t? 
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[02 5] z-cnmwnmi scDnmxmizxzmmm 
[1326] z.<DKm?>mi 9<Dmmtewnc£zmmn. 
[027] z.<Dmn<omi 9<Dmmmm^x^mm 

[02 8] rco^ffitf>|gi 9(D||J6»1I»(-J:53»»« 
[02 9] rcD^Wco^l 9^1K?g(8^J:-53ftR« 

1 , 101 • • 'Si gfc 2 , 1 1 1 • • • I r 0 2 
J^, 3, 1 12 • • • I tM. 4 , 113* • • T^/U 
^r-^JK, 5, 1 14 • • ■ P tR, 6, 1 1 5 • • • 

s B rm. 9 • • • y/v^r^^ hm, n, l i 9 • • 
•RuE 12, 120 - • 'Ta 2 0 5 1, Q • • • 
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3tCM^p D nJ 1 1 mt&) 1 1 6 T B 7 #35-^* y =. 

(72) mm m mm 

JKJt«&JHKttfiJN6TB 7 #35-^- y^ 



F^— 4K030 AA11 AA14 BA01 BA04 BA17 

BA18 BA35 BA42 BB05 CA04 

DA09 FA10 HA02 JA10 LA01 
LA15 LA19 

5F001 AA17 AD17 AD62 AG21 AG27 
AG28 AG30 

5F038 AC05 AC09 AC15 AC17 AC18 

DF05 EZ14 EZ15 EZ17 EZ20 

5F083 AD10 AD21 AD43 FR02 GA27 

GA30 JA02 JA06 JA14 JA15 

JA17 JA32 JA36 JA38 JA39 

JA40 JA43 JA56 MA06 MA 17 

PR03 PR21 PR22 PR23 PR29 
PR33 PR34 



